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Preface
Five years ago, I embarked on a project to look into the possibilities of
bringing theoretical concepts to professional selection psychologists with the
help of a computer decision support system. It involved developing and testing
a system which is based on the semi-clinical model developed by Roe in 1983.
The model embodies general theoretical concepts of personnel selection and
above all makes explicit all the steps necessary for the selection process. The
system's ultimate aim is to improve the quality of professional work carried
out by the personnel selection psychologist.
Before starting with the project, I asked myself the following questions: Is it
necessary to bring theoretical concepts to the practitioner psychologists?  And
if it is so, is a computer decision support system a good intermediary?  Then,
when I considered and searched deeper into the significance of this project, the
questions became more specific: How will the psychologists react to the idea
of using a computer system? Will such a system really help to improve their
work? As I became familiar with the work of the psychologists and with the
various types of computer decision support systems, the questions became
more general again: What are the effects and changes involved in using a
decision support system in their work, within their organization and in society
in general (in the middle and long term period)? In the course of developing
the system, and after more interaction with the psychologists in the personnel
selection world, I began to see the problem in a different light. This project
involved not just an effort of bringing science (theories) to the practitioners
but it also introduces an instrument (a technological application of science)
into the work environment of the human psychologists which is mainly clinical
in nature. It involved experimenting with the idea of how science and its
application can be of service to the human psychologists so that both their
work process and the work results are enhanced.
Right at the beginning, my supervisor and I approached five consultancy
bureaus (GIl'P, Berenschot  I R&S 1,  RPD,  LTP and Psychotechniek B.V.)  and
discussed the project with interested practising psychologists and some of their
managers. Then we invited them to come for a discussion-meeting on
cooperation in carrying out the project. Representatives from the five bureaus
came and it was decided that we would present a talk for the psychologists and
the managers of the five bureaus on the aims of the project and what it means
to cooperate with us. As a result of these talks, four of the five bureaus agreed
to   cooperate.    We then invited   them   to send representatives   to   form   a
supervisory group for the project.
Hence, when we began with the project in 1988, we had contact with four
bureaus and more than 10 interested practising psychologists who would
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regularly attend the meetings. But since then, the business world of personnel
selection has become more competitive. Some psychologists switched jobs and
could not continue with the project. Many could not find time to do than
testing candidates and assessing their suitability for certain jobs.  With a
backlog of work and pressure from the company to work as efficiently and as
fast as possible, no time could be squeezed out for other activities, much less
for an activity which cannot bring short-term benefits to the company.
Nevertheless, some persisted and though the group became smaller, it was
able to function effectively, meeting regularly several times during four years.All this could only be achieved with the cooperation, commitment and interest
of these psychologists. Hereby our heartfelt thanks to, among others,  Mr.
Willigers from Psychotechniek  B.V., Mr. Hogerdorp  from  RPD, Mr. Jansen
and Mr. Bogaart from Berenschot and Mr. Doomen from GITP. They have
contributed very much to the successful design and development of the system
and the smooth realization of the goals of the project. We would like to extend
our thanks to their organizations too. Last but not least, I would like to thank
Gerbrand Visser for introducing us to GURU, the shell system which was
used to develop the decision support system for the selection psychologists.
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A short description of the design of the dissertation
The dissertation of the PHD is written at the end of a four-year project carried
out at the Tilburg University and in conjunction with four (Recruitment and
Selection) consultancy bureaus. The subject  of the PHD project embodies  the
design and development of an experimental knowledge-based decision support
system for the purpose of aiding psychologists in their professional work. It
stresses the gap which exists between theory and practice within the personnel
selection world and aims to find out if a knowledge-based decision support
system can help to bridge this gap.
The dissertation forst introduces the project and spells out its aims. Chapter
two looks at what science and technology are and what it implicates, in
general, to be professionals. Chapter three gives an account of the theories and
methods of personnel selection and a model for the to-be-developed decision
support system is also described. Chapter four goes into details what it is like,
in particular to be a selection professional psychologist in the Netherlands.
Chapter five reports and discusses the findings made from a study and analysis
of the work and thinking processes of the selection psychologists. Chapter six
goes into the development of the support system and brings out its aims and
describes its metodology and methods. Chapter seven gives an account of the
feasibility studies and technical explorations which have been carried out.
Chapter eight describes how a set of requirements and specifications for the
system is formulated and enumerates them one by one. Chapter nine addresses
the design method and the evaluation of SOS-1 (Systeem voor het
Ondersteunen van het Selectieproces), the first version of the system. It also
brings  out the problems found   in SOS-1. Chapter ten describes   a new design
method developed by the author and two of her colleagues to re-design the
system. Chapter eleven looks into the re-design and re-development of the
system. Chapter twelve dwells into the evaluation of the second version of the
system (SOS-2) and highlights the results and comments on whether they have
achieved the goals of the system. The last chapter, chapter thirteen, examines
whether the overall  aim and specific goals of the project have been achieved.
It tackles the question of whether the results of the project a be of scientific
value an gives an account of the lessons which have been learned. Last but not
least recommendations are given for further research.
Introduction
1.1 INTRODUCTION
Within the world of personnel selection, there is a significant gap between
theory and practice. This gap is seen as a clove between two opposite
approaches, the clinical approach versus the statistical approach. In the 1950's
and '60's, the arguments of these two opposing approaches were very much in
the limelight (see e.g. Meehl, 1954; Sanford, McArthur, Zubin, Humphreys
and Meehl, 1956; Holt, 1958; Sarbin, Taft and Bailey, 1960; Sawyer, 1966).
Meehl's famous article  Clinical versus Statistical Prediction' in 1954 had set
off a train of debates on the merits and demerits of the two approaches.
Though various comparative studies on the two approaches, e.g. by Holt
(1958), Lindzey (1965) and Sawyer (1966) and Einhorn (1986) have been
carried out, the general opinion up till today is still divided. According to
Einhorn (1986), the controversy of clinical versus statistical prediction is
general and enduring. It is general because it is found not just in the area of
prediction and diagnosis within personnel selection, but also in other areas
such as economics, business studies, decision science and so on. It is enduring
because it has persisted for more than four decades, and up till now, it is still
an issue, even though the vigour and gusto of the debate has subsided.
Today, the adherents of the two approaches within personnel selection can still
be identified, but compared to the older days, some changes can be detected.
They are more sophisticated and have much more armoury and weaponry at
their disposal for advocating and defending their cause.
In the Netherlands, many of the adherents of the statistical approach (both for
prediction and measurement) are found mainly in the academic world,
although there are also some who work as selection psychologists. Many of
the practising selection psychologists believe more in the clinical approach, but
all are using and appreciating tools and aids from the statistical approach.
Their standpoint is that statistical methods are necessary and valuable for the
selection process, but clinical assessment or the clinical way of collecting and
combining information should still be the dominant and decisive way. The
present research does not fundamentally disagree with their contention but it is
based on the belief that not enough of the tools and methods developed
scientifically have been accepted and that something can be done to remedy
this. There exists a ridge between science and practice within the personnel
selection world, and a bridge can be built to overcome it.
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1.2 THE GAP BETWEEN THEORY AND PRACTICE
According to Roe (1983, 19901)),the adoption of the science and technology
of personnel selection in the practical world of personnel selection has been
slow. If we examine the present development and realities within the personnel
selection world, we can identify two problems.
First, there exists, in general, a time lag between what has been advocated for
in theory and what is being practised. Theoretically speaking, professionals are
expected to have, firstly, knowledge on the various aspects of their field, that
is, they should be well acquainted with the methods of assessment (in the case
of the selection psychologist, the methods for assessing candidates for certain
jobs). Subsequently, they are expected to have and to know the means to bring
about changes (i.e. to make a diagnosis and take decisions). In the real world,
professionals are not fully or totally equipped with the necessary knowledge
and methods. Theories and technology on methods and procedures and even
some techniques are not usually applied. In addition, even if theories and
methods are well known to them, some may not be acceptable to them, and
some can be dismissed as not reliable and good enough for application.
According to Roe and Greuter (1991), the practice of personnel selection of
today is about fifty years behind science and technology.
Second, the present approach of both the scientific and the practising
professional communities to personnel selection is narrow. They have
concentrated their efforts mostly on the development and application of tests
and predictive instruments. According to Roe and Greuter (1991), this
approach is not only narrow but also inadequate. It has neglected the
construction of an integral procedure for the selection process. The
enhancement of the selection process lies not in the development and use of
more and new instruments or tests, but more in the improvement of the
selection procedure on the whole. What concepts and methods to use, and the
order in which they should be used, can be a value-added factor to the
selection process. The design of the whole selection procedure is the keynote
to bring about improvement in the work of the professional selection
psychologists. The emphasis on the selection procedure calls for a new
perspective to look at personnel selection. Roe (1989) advocates a
'technological perspective'.   It  is an integrated  view of tackling the selection
problem. It considers theoretical know-how on personnel selection to be a
technology. This technology can be used for solving practical selection
problems within a particular environment. The task of a selection psychologistwithin such an environment is to find a solution for these problems by
developing suitable procedures drawn from the available technology.
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1.3 INCOMPATIBILITY OF FORMS - NEW TECHNOLOGY HELPS TO
BRING THEORIES TO PRACrITIONERS
One of the causes of the time lag in applying science and technology to the
field of personnel selection is the difficulty involved in bringing them to the
field. Generally speaking, theories and concepts are abstract artefacts which
need to be translated into practical forms before they can be used. Likewise,
theories and methods of personnel selection, though by far much less abstract,
also need to be appropriately adjusted before they can actually be applied.
Both science and technology should be made available to the professional
selection psychologists, and they, in turn, should be assisted in overcoming
adjustment problems and other problems encountered while applying them in
their work. The difficulties of application of science and technology can be
made clearer after examining and analyzing the actual work processes and
procedures of the selection psychologists. This has been carried out in the first
part of my project and will be discussed later on in this thesis. Making science
and technology available in practical forms (availability) is not just enough.
There are also other factors to consider. These are e.g. the convenience of use
and the human adaptations required i.e. changes at the micro and macro levels
during work (e.g. changes in work habits and schedules, physical
modifications of work processes) and so on. These are factors which have to
be taken into account before actual application can take place successfully. We
can gain insights into these problems from other branches of study such as
classical and cognitive ergonomics.
With the advent of computer and knowledge technology, the solution to this
"interface" problem seems to be forthcoming. Looking at the various tools and
techniques which these technologies offer and also at the experiences of other
sectors in the business community, we can expect a computerized information
and knowledge system to be a good tool to help us transfer the theories and
methods of personnel selection to the practice. In specific, with the application
of methods and techniques from computer science and artificial intelligence, a
knowledge-based decision support system (KB-DSS) can be built to bridge the
gap between theory and practice. This forms the crux of the research project
which is reported in this thesis.
1.4 AIM, SPECIFIC GOALS AND APPROACHES OF THE PROJECT
The research project's aim is to help bridge the gap between science and
practice within the personnel selection world. Its foremost aim is to look into
the possibility of using a KB-DSS to bring more theories and technology to the
selection process so that the time lag between the two can be shortened. I
believe that intuitive and implicit thought processes are important constituents
of the whole judgmental and assessment process of the selection psychologists
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but theories and scientific laws constitute the basis for the whole selection
process. The question which is of utmost importance to us here is: 'Is it
possible to use a decision support system to bring these theories and
technology to professional selection psychologists practising in the field?'
Specific goals of the project can be formulated as follows:
1.         Make the selection process more objective and more scientifically based
without losing the effects of informal judgment and intuitive decision
making processes of the human psychologists.
2.   As far as possible, make explicit all the stages carried out in the
selection process (especially those which consists of intuitive and
infor,nal elements).
3.     Make the selection process ,nore uniform, effective and efficient.
Two approaches have been adopted to fulfil the general aim and specific goals
of the project. First, the gap between science and professional work is
examined. It is done on the basis of literature study and an empirical analysis
of the working conditions and thinking processes of the professional selection
psychologists. Second, a KB-DSS is developed which should support
professional selection psychologists in their actual work. The results of the
two approaches are discussed further in this thesis.
1.5 ORGANIZATION OF THE BOOK
The second chapter will firstly define what science is, and then discuss briefly
its history and its development. Next, it will talk about technology, the effects
it has on society, as well as factors which affect the type of technologies
which are chosen for application purposes. The discussion will serve as a
background as well as a guide to the following discussion on the role of
science in professional work. It will touch on why science and technology are
valuable and why they can be applied in general to our daily life, and in
particular to personnel selection.
Chapter three will examine some theories and methods of personnel selection.
First, the general theories on the four types of activities within personnel
selection will be explored. Following, the various conceptual stages for the
whole selection process will be brought up. Due to its popularity, the
interview as a type of operational predictor will be included in the discussion
too. Next, as part of the discussion on the decision making within the selection
process. some theories and methods on decision making process will be
investigated. Lastly, the semi-clinical model will be described. It is the basic
model upon which the KB-DSS will be based.
Chapter four will first examine personnel selection practice in the Netherlands.
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Next, it will discuss the meaning of professionalism for the selection
psychologists and how this is reflected in practice. In addition, problems found
in the professional practice of the selection psychologists will be identified.
Lastly, the problem of insufficient application of theory and technology by the
professional selection psychologists will be deliberated.
Chapter five will discuss the results of the study on the working processes and
procedures of the selection psychologists. The empirical study has been
carried out in two parts and the chapter will be divided into two parts to report
and discuss their respective findings. Part one will dwell on the general study
of the work activities of the selection psychologists. First, the findings will be
presented and after that a discussion on the findings will follow. Part two will
report on an in-depth study of the thinking process of two of the selection
psychologists at work.
Chapter six will concentrate on the description of the project for developing a
knowledge-based decision support system (KB-DSS) for the selection
psychologists. First, it will deal with the background and aim of the project,
and then will continue to elaborate on the approach and methodology which
have been adopted to achieve the aim of the project. Next, the various steps of
the development and design process of the system will be listed out. Following
will be an outline of the structure of the project and lastly, the plan and
progress of the project will be described.
Chapter seven will concentrate on describing various preparatory steps which
have to be taken before the proper design and development process of the
knowledge-based decision support system (KB-DSS) can be carried out. First,
it will describe how the project has been initiated. Then the question of
necessity or desirability of developing such a system will be discussed.
Following will be a report of a feasibility study on the acceptability and
chances of implementation of such a system. Next, to examine the technical
feasibility of developing a system suitable for our purposes, a theoretical
discussion on decision support systems, knowledge-based systems and the
methods and techniques which can be used, will be presented. This discussion
will address the feasibility of developing a KB-DSS using some of these
techniques and methods. Last on the agenda of this chapter will be a
description and discussion on the technical exploration of soft- and hardware
systems that have been chosen to be used for developing the KB-DSS.
Chapter eight will discuss the concept of Set of Requirements (SOR) in
general, and the SOR for the KB-DSS in particular. The latter will be
reproduced in full in this chapter. Following, the evolutionary development
approach, which has been adopted to formulate the SOR and to develop the
first version of the system, will be described.
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Chapter nine will concentrate on the design, simulation and evaluation of the
first version of the system (SOS-1). The first section will dwell on the design
approach and methods  of SOS-1.  It  will be followed  by a description  on  its
structure. Finally, the findings of a pilot-test on SOS-1  will be deliberated.
Chapter ten will examine the causes of the problems found in SOS-1.
Following, the Structured Analysis and Design Technique (SADT) method
used for designing SOS-1 will be evaluated. It has been found that a better and
more appropriate design method is needed. The rest of the chapter will then
be devoted to describing and discussing a new design method, the UPDA
method, which has to be used for designing the second version of the system.
Chapter eleven will first describe the design and development of the second
version of the system, SOS-2. The UPDA method has been used for the
design process. How it has been applied will be discussed in the next section
of the chapter. Lastly, the structure of SOS-2 and how it differs from SOS-1
will be brought up.
Chapter twelve will discuss the constraints and problems facing the evaluation
of SOS-2. Next, the aims, structures and procedures of the evaluation will be
elaborated. Following, the results and findings of the evaluation will be
reported and discussed.
The final chapter will discuss the results of the project vis-a-vis its aim and
goals, and will present recommendations for further future research and study.
Science, technology and professional work
2.1 INTRODUCTION
Science and technology have been the obsession of man for the last two
centuries. This chapter will define what science is, its history and its
development. Next, it will talk about technology, the effects it has on society,
as well as the factors which affect the type of technologies chosen for
application purposes. The discussion will serve as the background as well as a
guide to the following discussion on the role of science in professional work.
It will enlighten us on why science and technology are valuable and why they
can be applied in general to our daily life, and in particular to personnel
selection.
2.2 WHAT IS SCIENCE?
Science may be defined as ordered knowledge of natural phenomena and the
systematic and rational study of the relations between the concepts in which
these phenomena are expressed (Dampier, 1948). Science includes not just the
rational, logical explanations of natural phenomena, but also the logical
construction of concepts deriving from these explanations in the forms of
hypotheses, theories and laws. Last but not least, it includes the validation of
these conclusions. According to De Groot (1961), empirical science is being
looked upon more and more as a process. It is an activity carried out by
researchers and most important of all, it is a social process. Nevertheless, it is
subjected to many criteria and requirements which promote objectivity. The
exercise of science can be seen as a cyclus, the empirical cyclus, as noted by
De Groot (p.29). This cyclus includes five phases:
(1)  40bservation': the gathering and grouping of empirical facts or
materials and the forming of hypotheses in general form.
(2)      *Induction': the formulation of hypotheses in more specific form.
(3) <Deduction': the derivation of special consequences from the
hypotheses in the form of testable predictions.
(4)          4Testing': the testing or verification of hypotheses which can result  in
new empirical facts and so on.
(5)           6Evaluation':     more general testing especially in connection    to    its
application in a wider and general context, e.g. in comparison with
existing theories and so on.
This cyclus has become more or less the scientific way or mode of objectively
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acquiring knowledge. Hence, science by the formulation and objective testing
of hypotheses forms theories and laws. In general, science in terms of these
theories and laws tries to make explicit the explanations or causes of
movements, actions or behaviours in general, and also of the existence of
certain phenomena and events in particular, and so on. These theories and
laws have to be logical, they must be verifiable and according to the theory of
Popper (Popper, 1967), they must be subjected to positive and negative
arguments. Thus, science is a special way of acquiring knowledge. Its practice
or application also stipulates a certain mode which is rigorous, exhausting,
systematic and logical. This mode of operation in terms of its methods and
methodologies is so well recognized in the present Western society that other
ways, such as religious myths, witchcraft, alchemy, even our very firmly
seated common sense and intuition, are considered by many to be subsidiary
to it. Nagel (1961) in his book on 'The Structure of Science' took great pains
to    explain the differences between common sense and science. These
differences are the ingredients that make the present Western society different
from what it was some centuries ago. How then did science get a foothold in
our societies?
2.3 PROTO-SCIENCE
Traces of science, or proto-science have been acknowledged by the West long
before science was defined. Many civilizations from the East and the West
recognized the importance and usefulness of the application of science. The
Chinese,  as  far  back  as the second millennium  B.C., had studied many areas
of science now known as astronomy. They had developed a sophisticated
calendar based on their study of the solar system. Chemistry (alchemy),
medicine, geology, geography, and so on were also developed. Unlike other
civilizations at that time, the state encouraged the application of this
knowledge, and technology received an overriding emphasis. It was the
Chinese culture which (at that time) emphasized order, that encouraged the use
of knowledge for practical ends. The Indians, though relatively less was
known about them, seemed to be quite sophisticated in mathematics,
geometrical and algebraic techniques. There were, too, the Benin civilisation
in Central Africa and the Mayaians in central America which showed early
study of science and application of science, especially in the areas of astrology
and astronomy. In the Middle East (the cradles of the Western civilization),
Mesopotamia was the first to concern itself with science or scientific
knowledge. Mathematics and astronomy thrived there. As successors of these
ancient knowledge and application of proto-science, the Greek science, laid
down by Thales, Pythagoras, Aristotle and Archimedes during the Hellenicperiods (from the sixth century B.C.), is more familiar to us. In the seventh
century A.D., science   in the islamic states    in the Middle   East   was   also
flourishing, especially in the study of numbers (algebra), medicine and
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astronomy. Medieval European technology around the 14th century included
the invention of the mechanical clocks, the wheelbarrow, the windmills and so
on (Britannica Encyclopedia, Macro: volume 27 on Science, p.36).
2.4 MODERN SCIENCE AND THE SCIENTIFIC MODE
Science has developed from proto-science. What makes science different from
proto-science? Proto-science differed from science in one very important way.
Though its use and application is the same, proto-science does not offer
explanations based on the scientific mode, i.e. no scientific methods are used
to explain the various phenomena of our natural world. (Britannica
Encyclopedia, Macro: volume 27 on Science, p. 34). As Nagel (1961) has
said: 'They (pre-scientific-age men) manage to secure for themselves skills and
competent information, without benefit of training in the sciences and without
the calculated adoption of scientific modes of procedure: (p.  1). He continued
to say that 'a marked feature of much information acquired in the course of
ordinary experience is that, although this information may be quite accurate
enough within certain limits, it is seldom accompanied by any explanation of
why the facts are as alleged.' (p. 3). According to him,  it is the desire for
explanations which are at once systematic and controllable by factual evidence
that generates science; and it is the organization and classification of
knowledge on the basis of explanatory principles that is the distinctive goal of
the sciences.' (P. 4).
The transition from proto-science periods to what we call the scientific age
was not smooth. As described above, it was mainly from certain regions such
as the southern and western part of Europe that modern science had struck
deep roots. Science in the days of the Renaissance differed from our modern
day science. The former is the integration of what we today will call theology,
philosophy and science. It was around the sixteen and seventeen centuries that
men like Descartes advocated that science should be separated from religion
and philosophy. The scientific revolution which was brought about by many
bold discoveries such as contained in Copernicus' assertions in 1543 did not
proceed smoothly. Others like Kepler, Galileo and Descartes tried in vain to
construct a whole, grand new theory on the existence of the earth, the solar
system and its entailing phenomena such as falling apples. It was aimed
especially to replace the much criticized Aristotle's and Ptolemy's explanations
of these phenomena. Gradually, in the 17th century, Newton succeeded in this
endeavour with his three laws of motion and his principle of universal
gravitation, but he still had to make reference to God's help and divine action.
The umbilical cord was only cut when Darwin put forth his theory of natural
selection with well-documented evidence by the end of the 19th century. And
the 20th century saw the advent of the second scientific revolution, proceeded
by Einstein's quantum mechanics, and followed by advances, for example, in
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chemistry, medicine, genetic engineering, and last but not least the electronic
information processing computer. Much scientific knowledge and its
accompanying applied technology bore fruits or was seen to be of great benefit
to society. When it brought great changes to men's lives in terms of higher
economic well-being, science was hailed as the way to look for answers to
many problems.
2.5 TECHNOLOGY IN POSr-MODERN SOCIETY
Today, many areas of science have been successfully applied, technology is
the keyword to such applications. To differentiate the differences between






PROFESSIONAL ACTIVITY      
Figure 2.1 Science and Technology
According to Roe and Spaltro (1988), science is supposed to aim at the
discovery of relationships (particularly causal relationship) between real
phenomena, in other words 'what relates   to   what'. It tries to strive   for   true
knowledge about 'what is' the existing reality. Technology aims at the
discovery of actions that should be taken, including means that should be
used, in order to realize certain objectives. It produces knowledge about what
*should be done', or the modification of reality. For instance, physics is a
science which studies about the properties of physical elements and the
relations between them whereas engineering is the technology which tries to
produce knowledge on how to change the physical world. The science of
personnel selection comes from social sciences and psychology and the
technology of personnel selection are the various theories constructed
specifically on the practice of personnel selection.
The last few decades have witnessed the development and proliferation of
science, its scientific mode and technology. With this development, the
question arises on what can and should be applied from the available theories,methodologies and methods of science and technology. Since, we areconcerned in our project about the application of certain types of technology
on personnel selection, let us now discuss the application of technology in
general.
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The choice of whether to adopt a certain technology, and which types of
technology to adopt or use and which to ignore and condemn, has been opened
to us. The adoption of a certain technology whether by itself, or in preference
to another type of technology, involves not only its technical excellence, but
also social, economic, political and cultural factors. According to the
instrumentalists' viewpoint, the adoption of a technology is to satisfy some of
our needs, or in specific, to satisfy basic needs. If we look carefully around us
in the present Western society, we can see that the adoption of a technology is
beyond the satisfaction of needs (Basalla, 1988). Heng (forthcoming) put
forward that technology is more a medium than an instrument or tool. This
medium is a product of human fantasy (creativity) and human communication
as well as a device to interact with the material world. Hence, when we invent
something or innovate a technology based on scientific endeavour, it does not
mean that this technology will naturally be adopted and accepted. What then
are the factors involved in the adoption and diffusion of a certain technology?
2.6 THE ADOPTION OF CERTAIN TECHNOLOGIES
Through the study of the history of technology, a profound complex
interaction of various factors can be identified to help in the diffusion and
adoption of a technology. These are: the incentives and opportunities of
technological innovation, the socio-cultural conditions of the human groups
within which they occur, the level of technical know-how and the available
material resources and a certain kind of inner logic or what Rosenberg (1976)
calls 'technological imperatives.' According to Rothwell and Zegveld (1985)
these factors interplay to make innovation a logical and sequential, though not
necessarily, continuous process. The process can be sub-divided into a series
of stages. Although they are functionally separated, these stages interact with
each other and are inter-dependent of each other. The overall pattern of the
innovation process may be seen as a complex network of communication
paths, both intra-organizational and extra-organizational. This interactive
model of Rothwell and Zegveld is definitely an improvement over rather
simplistic models such as the demand-pull model and the technology push-
model. However, it narrows its scope only to innovating process within the
framework of an individual firm. It ignores e.g. the broader socio-cultural
aspects within the outside society in general. These influence the direction of
technological innovation and they are in turn influenced by it.
Heng (forthcoming) proposes a model that attempts to capture the inter-
relatedness of social and market needs, societal resources, state of
technological know-how, and capabilities of the whole ensemble of
technological systems and social ethics. By needs, he means to refer to all
kinds of needs, real or imaginary, material or non-material, socially useful or
otherwise, etc. The origin of the needs may be a new social change (e.g. an
12
aging population), the appearance of a new disease (e.g. AIDS), changed
economic conditions, and so on. These needs are articulated into some
concrete idea, either in the form of desired products, services, or both. This is
similar   to the demand-pull model. Another source   of   idea of technical
innovation comes from a more or less purposeful Research and Development
effort which is partly inspired by its own perception of the social and the
market needs. This is similar to the technology-push model. The social and the
market needs do not necessarily have to be satisfied by a purposeful Research
and Development effort. The solution may have already existed long before
the problem surfaces. For example, the wheel existed as an object in religious
rites long before men were confronted with the task of moving heavy objects
by  road.
As it were, supply or solutions (technology push) and demand or problems
(market pull) are thrown together in a huge container, analogical to the
garbage-can metaphor (Heng, forthcoming). The matched pairs of problem-
and-solution candidates have to go through a selective mechanism. This
encompasses for instance socio-cultural attitudes, socio-political institutions,
the conditions of the financial market, the capability of the technological
infrastructure, and the experience of the society with the innovation and so on.
Failure to clear any of these hurdles can result in delay, and even elimination,
for the candidate-technology. Even after successful selection, the candidate-
technology still has to compete with old technology and to beat off new-
corners in order to be widely adopted. Once adopted, it is likely to mould the
socio-cultural attitudes, the economic structure, the technological
infrastructure, the technical know-how, the social and the market needs, in
short, the whole social make-up.
Hence, the adoption or even conscious non-adoption of a technology is not a
straight-forward process. In the personnel selection case, science and
technology are already present but only a part has been adopted in practice
and many more parts have been left out. To find the possible causes for this
state of affairs, we have to look into the history of the technology of personnel
selection and to examine the present day conditions faced by practising
selection psychologists. These will be examined in the following chapters.
Before we end this chapter, let us examine what professional practice is in
general, especially in relation to science and technology. In addition, let us
look at how, in general, the gap between theory and practice can be bridged.
2.7 DEFINITION OF PROFESSIONS AND PROFESSIONALS
Profession in general is defined as a vocation or calling, especially one thatinvolves some branch of advanced learning or science. According to Van der
Arend (1992), a profession is defined as a branch of activities derived from
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either jobs, tasks, businesses and other sectors whereby some persons (the
practitioners of the profession) consider it as their 'domain'; in other words,
they make a claim on it (Taggenbrock, 1993). The professionals are supposed
to be adept, competent, efficient, experienced, expert, masterly, polished,
practised, proficient, qualified, skilled and trained in their areas of work. A
professional is often referred to as an expert, a specialist or an authority on
the profession he is carrying out. We can say that academic professionals are
supposed to have specialised knowledge in their field, and specialised skills in
terms of proficiency and experience in carrying out their vocation in such a
way that they can be called an expert or a specialist.
According to Hughes (1988) the nature of the knowledge which professionals
are required to possess can be a mixture of theoretical and practical knowledge
(p.31), in this case, the science and technology with their methodologies,
methods and techniques. The claim of the professionals is that they are privy
to this knowledge, and that they then have the exclusive right to practise, as a
vocation, the art and science which they profess to know, and to give the kind
of advice derived from their special lines of knowledge, The professionals are
supposed to know better than their clients as to what ails them or what are
their problems. Solutions can then be sought by the professionals for them.
Hughes stresses that 'the professionals are expected to think objectively and
inquiringly about matters which may be, for laymen, subject to orthodoxy and
sentiment which limit intellectual exploration' (Hughes, 1988, p.31).
According to Bayles (1988), three features are necessary for someone to be
called a professional (p.28). First, a rather extensive training is required to
practice a profession. Second, the training involves a significant intellectual
component. Although physical skill may be involved, the intellectual
component is predominant (here is where science comes in). Third, the trained
ability provides an important service in society. Other features which are
common though not necessary are as follows: A certification or licensing
process is needed so that the professional is recognized and initiated into his
profession. Another is the organization of members of the same profession
under one umbrella body whose goals are in principle to advance the goals of
the profession and at the same time to promote the economic welfare of their
members. Lastly, another common feature of the professional is that he/she
has relatively more autonomy in his or her work.
2.8 HOW CAN THE GAP BE BRIDGED?
According to the various definitions cited above, professionals are supposed to
be acquainted with the latest scientific theories on their own professional
subjects. In addition, they are obliged to practice them as dee
med fit.
Nevertheless, the realities of the present society point to a gap between the
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adoption of theories and professional practice. How can the gap be closed?
How can science and technology be brought to the professionals who are hard
at work but who are mainly carrying on what they have been taught and have
been doing since their internship period? To solve this problem, or to find a
way out of this dilemma, first of all, the professionals have to be aware of it.
They have to admit the existence of the problem and 'see' the gap which
exists between their work and theory. Realizing this will give them the
motivation to do something about it. Solutions to the problem can be found.
These solutions can be, for instance:
1.     Training to be given to professionals in the form of either theoretical
lessons or practical workshops, discussions. workshops and seminars.
and upgrading work or retraining sessions for long practising
professionals especially those who have been in the job for many years,
etc.
2.     Aids and tools for professionals to use in their work. In this case, tools
can be in the form of written papers such as evaluation and assessment
forms, or in the form of instruments and equipment, and last but not
least computer decision support systems.
2.9 CONCLUSION
The aim of this project is to help to solve the problem which arises due to the
existence of a gap between theory and practice in the world of personnel
selection. This chapter has placed the issue in a wider perspective. It has
examined what science is in general, and it has described the various phases of
the scientific way of acquiring knowledge objectively. It has also looked
briefly into the historical development of science. Technology and the choice
of which technology to apply have been discussed. What are the meanings
attached to profession and who are the professionals have been brought out
too. In addition, this chapter has also given suggestions on how the gap
between science and practice can be bridged. From all these, we can gather
that theories can be applied to personnel selection, that professional selection
psychologists can gain much by adopting science and technology in their
work, but also that they have to decide what type of technology is necessary
as well as appropriate for their work. They have to try out ways in which
these theories and methods can be brought to their work with the required ease
of use and convenience, so that their work can be efficient as well as
effective.
Methodology of personnel selection
3.1 INTRODUCrION
There are many scientific studies relating directly and indirectly to personnel
selection. They are mainly from the field of behavioral science. Though these
studies have certain differences with the exact or natural sciences, its methods
and methodologies do conform to the same scientific requirements. Hence, the
application of such theories can be justifiably used in the professional practice
of personnel selection. In addition, personnel selection can also draw on or
borrow theories and methods from other fields, such as from decision-making,
organizational theory, business management, social psychology, cognitive
psychology, artificial intelligence, brain/mind research and so on. In this
chapter, some theories and methods of personnel selection are examined.
First, the general theories on the four types of activities within personnel
selection will be explored. Following, the various conceptual stages for the
whole selection process will be brought. Due to its popularity, the interview as
a type of operational predictor will be included in the discussion too. Next, as
part of the discussion on the decision making within the selection process,
some theories and methods on the decision making process will be
investigated. Lastly, the semi-clinical model will be described. It is the basic
model upon which the KB-DSS will be based.
3.2 THE PROCESS OF PERSONNEL SELECrION
Personnel selection can be defined as: 'a complete series of activities which
aims at and also leads to the selection of person(s) for filling up vacant jobs
according to the criteria or conditions set up for the job' (Roe, 1983, 1989,
1990b; Roe and Greuter, 1991). According to Cascio (1991), personnel
selection is very much decisions to be made about individuals. To Cronbach
and Gleser (1965) such decisions are concerned with the assignment of
individuals to treatments or courses of actions (e.g. accept or reject), the
outcomes of which are important to the institutions and individuals concerned.
3.2.1  Types of Activities
First, let us discuss the series of activities to be carried out within the
personnel selection process as described in the literature. In earlier literature,
in the nineteen seventies, these activities were divided into two main types.
The first activity concerns the collection or measurement of information about
the candidate that is relevant to his later performance. The second activity is
the combination of this information or the making of a prediction based on the
information which will lead to a judgment (Wiggins 1973). Cascio (1978,
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1991) speaks of a two-step procedure: measurement of information, and pre-
diction ofjob performance based on these information.
In the nineteen eighties, Roe (1983) referred to personnel selection as a series
of activities centred around the prediction of future behaviour of candidates,
but most important of all, he stressed that it was more than that. Referring to
the work by Cronbach and Gleser (1965), he emphasized a third activity
which is the decision making process. More and more theories are being
constructed on decision making processes, e.g. theories from the fields of
operation research and business sciences. With the help of tools and
techniques from these fields, it is possible to separate the decision making
activity from other processes such as the prognosis activity in the whole
selection assessment procedure. According to Roe (1983, 1990b),the decision
making activity should be based on the results from the prognosis. The
decision, in most cases, concerns the acceptance or rejection of a candidate for
a job. The criteria to make the decision are rather different from those of
prognosis. Organizational factors, social, psychological (such as how the
managers of the organizations see themselves or how do they define their
business mission and so on), and cultural factors play a role as well.
3.2.2 Functions to Fulfil
Personnel selection as seen from an analytical viewpoint has to fulfil various
functions. At least the following four functions should be fulfilled (Roe,
1990b; Roe and Greuter, 1991; Greuter and Algera, 1989):
1.     Information-gathering - this is the collection of information on the job
such as its content; its criteria, etc. and the behaviour and biological
characteristics of the candidates.
2.     Prognosis - the transformation of information on the candidate into the
prognosis of their future behaviour and their subsequent contribution to
the goals of the organization.
3.      Decision-making - the transformation of predictable information on the
candidate into an action which can be carried out, such as accepting or
rejecting the candidate.
4. Information supply - producing information on applicant characteristics,
predicted behaviours, plans for actions and communicating this to
managers.
These functions can be fulfilled through various components (or stages of
activities) of the selection procedure. For instance, an interview can be used to
fulfil the functions in point 1 and 4 (information-gathering and information
supply) or even for point 1 and 2 (information-gathering and prognosis). Ingeneral, the functions are fulfilled in the order from point 1 to 4. The
processes represented by these points flow naturally into each other and they
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complement and reinforce each other.
In practice, at the end of the selection process, an advice is formulated and
conveyed to the candidate and client organization. In addition, a written report
and documentation usually marks the end of the process. These are not of
great interest to the scientific community and are usually not included in
research studies. I will not discuss them in this chapter but will return to them
in chapter five when the work processes and procedures of the selection
psychologists are described.
3.2.3 Eight Steps or Stages
Conceptually, personnel selection can be divided into eight stages. Following,
these stages (of activities) will be described in details. They fulfil the various
functions as mentioned previously. For instance, the first four stages are
information gathering activities. The last of these four stages include
information supply function (through interviews and so on). The next
following four stages are prognosis and a decision making processes. Please
refer to figure  3.1.
3.3 GATHERING INFORMATION
In practice, gathering information for prognosis and decision making takes up
quite a large part of the whole selection process. On reflection, we can see
that much research has been and is still being concentrated on this area,
especially on the methods used to gather information on the candidate. In
addition, much scholarly effort has been spent on validating these methods.
Examples are: Robertson (1986, 1990) on a classification of methods; Arvey
et al (1987) and Latham et al (1984) on the validity of interview; Schmitt et al
(1984) and Hunter and Hunter (1984) on biodata and so on. Some other
studies will be referred to below. The first four stages of gathering
information are:
(1)      Analyzing the job and its context
(2) Determining conceptual predictors
(3) Determining operational predictors
(4) Administering tests.
They will be described in the following sections.
3.3.1. Job Analysis
The first stage, job analysis, is a crucial part of the selection process. In
theory, no psychologist can subject a candidate to the selection process without
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first getting information on the job. Questions which can be posed at this stage
include: What is the job content? What are tasks concerned? What are the
task-elements? What quality of performance is required? What is the amount
of work required? How efficient and effective should the job be carried out?
What are the organizational background and environmental or contingency
factors implicated in the job? What are the career prospects connected with the
job? Are there going to be promotion and training opportunities, and so on?
What are the social and cultural factors influencing the job?
Among theoreticians, job analysis differs in definition. Roe (1983) defines it
as the systematic way of gathering information on the job, such as the
description of the content of the job and the requirements accompanying it.
Over and above all, he emphasizes the role of criterium-variables (Roe,  1983)
which in broad  term  mean the factors on which prognosis  of job performance
are to be focused. Obtaining the criteria of the job forms a main part of job
analysis. Without criteria, no predictors can be determined and hence no
prediction can be made. Besides, criteria have to be explicit or operationalized
so that evaluation of the prognosis can be carried out. One of the main reasons
why the validity of the selection process is low, is the fact that criteria are
either not used, not properly identified, or not made explicit (Ryan and
Sackett, 1987). In such cases, an evaluation of prognosis is not possible, and
hence nobody can testify to the successful completion of carrying out the
selection (Roe, 1983, 199Ob). As far back as in 1953, the importance of
constructing and using criteria during the selection process had been stressed.
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Figure 3.1 Stages in Personnel Selection
'one must,..., approach the prediction process   in a logical fashion,
developing criteria first, analyzing them, and then constructing or
selecting variables to predict the criteria'. (Nagle, 1953, p.273).
There are many others who have advocated the rightful use of criteria and
have made contributions to the proper understanding of the term criteria.
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Thorndike (1949), Wallace (1965), Drenth (1975), Smith (1976) are among
those who have clarified the meaning of criteria and systematized the
procedures of developing them. For instance, according to Smith (1976), at
the analytical level, three levels of criteria can be defined:
(1).    the work behaviour of the individuals in work situations - the handling
stages involved in task or task-elements or the social contacts with
colleagues in a work situation and so forth.
(2).      the  results or consequences  of this work behaviour  - the direct results
will be the amount of things/services produced (tangibles and
intangibles); the resulting complaints (pains suffered as a result of the
work) and sickness, absenteeism, etc.
(3).  the results or benefits which the company/organization achieved as a
consequence/result of the work carried out (Roe, 1983, p.52).
Greuter (1988) has elaborated on the term "criteria" and has emphasized the
performance criteria, which are defined as variables which can be used to
describe the components of work performance such as the handling of tasks,
the results achieved and so forth. Cascio (1978, 1991) has described job
analysis as consisting of two components, which are, first, job description
(definition of the job and task requirements) and second, job specifications
(discovering what the job calls for in terms of employee's behaviours i.e.
people's requirements  - or behavioral requirements ofjobs)  (p. 191).
Having defined criteria, let us look at how they are obtained for each job.
Usually supervisors, project leaders or managers are asked to rate jobs. All
these can be done through means like the interview, a panel discussion with
Subject Matter Experts (SMEs), standard forms and questionnaires such as the
Position Analysis Questionnaire (PAQ), Occupational Analysis Inventory
(OAI) (Cascio, 1991; Greuter and Algera, 1989). An inventory of recent
methods and methodologies on this area covers, for instance, methods such as
the Combination Job Analysis Method (C-JAM) (Spector, Brannick and
Coovert, 1989). Other ways include self-appraisal whereby the job incumbent
can be asked to give a self appraisal or his peer can be asked to rate the job.
An issue which arises from here is the construct validity of these performance
criteria. Research on this problem and on how to improve the validity has
been carried out. It includes, for instance, Dickinson (1987) on the designs forevaluating the validity and accuracy of performance ratings; Vance et al
(1988) on the construct validity of multiple job performance using
confirmatory factor analysis; Sackett et al (1988) on the relations between
measures of typical and maximum job performance; and Rothstein (1992) on
meta-analysis and construct validity.
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3.3.2 Determining the Conceptual Predictors
When the job criteria have been identified, characteristics and behaviours of a
person which can meet up to the job's criteria have to be determined. This is
 carried out in the second stage. In technical terms we can call the
characteristics and behaviours 'conceptual predictors'.    They are attributes
which the candidate can possess such as his knowledge, skills, abilities, and
other personal characteristics and behaviours relevant to the selection process
and to the identified job criteria. An example of a criterium and the
appropriate conceptual predictor is as follows (please refer to figure 3.2):
CRITERIUM successful completion of a computer project within time
limit.
PREDICTORS ability to delegate work, communication skills, leadership
skills, accuracy, and so on.
Figure 3.2 Criterium and its Predictors
The translation of the job criteria into conceptual predictors can be carried out
in two ways, i.e. according to the 'sign approach' or the 'sample approach'
(Wernimont and Campbell, 1968):
(1).   The sign approach entails the identification of person's characteristics
which can play a role in the selection process. The types of predictors
can be personality traits, interests and values, sensory and motor
capacities, skills and biographical factors (Roe, 1981, 1983). Numerous
research and studies have been carried out to determine such
characteristics. For instance, Guilford (1967) has identified the various
dimensions involved in intellectual capacity. Lopez, Kesselman and
Lopez have done a trait oriented job-analysis study which translated
each criterium into their various personality traits (Lopez, Kesselman
and Lopez, 1981). The determination, the naming, the understanding
and the measurement of personality characteristics have been carried
out by scientists e.g. during research on personality studies,
psychological testing, studies on human intelligence and so forth.
Methods used to carry out these researches as mentioned above can be
varied. Factor analysis is most common but of late, other methods like
multi-dimensional scaling, cluster analysis, graph or network analysis
have joined the rank. After the 'signs' have been identified (for a job
e.g.), assessment instruments are developed to look for these
characteristics. Prominent are psychometric tests, particularly
personality tests (Robertson and Smith, 1989).
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CD.   The sample approach is used when the product of job analysis is
directly used to build assessment instruments in the form of exercises.
These exercises simulate parts of the job to be carried out in the future.
Foremost examples are work samples which in principle 'test' directly           I
the work behaviour of the candidate. Work samples are usually
constructed in the following way: first, the tasks involved in the job are
examined and then these are constructed and standardized into a packet
which serves as a work sample. Many techniques and tests of the work
sample type have been developed, a prominent example being the In-
Basket Test (Frederiksen et al, 1973 and Campbell et al, 1970).
Another example is the operationalization of the behavioral consistency
approach carried out by Schmitt and Ostroff (1986). Work samples
have better predictive validity but less is known about their content
validity (Roe, 1983; Klimosky and Brickner, 1987).
According to Robertson and Smith (1989) and Sackett (1987), not all selection
methods are based entirely on one approach. The assessment centres which are
becoming more popular today are an instance whereby both approaches are
used.
3.3.3  Determining the Operational Predictors
Operational predictors refer to instruments or methods used to measure or to
gauge the presence of the conceptual predictors in the candidates,
quantitatively and/or qualitatively. For each conceptual predictor, a whole
range of operational predictors or instruments can be used. These instruments
can be divided into some categories:
1. Psychological tests  such as intelligence tests and other personality tests,
interests and values tests, skills and knowledge tests and so on.
2. Biodata instruments, e.g. biographical forms, based on information
provided by the candidate.
3. Personal (subjective) judgments, based on the interview or assessment
centre exercises.
4. Work samples.
In determining the type of operational predictors to use, factors to consider
include: the way in which they are being constructed and their contents; the
ease with which they can be administered; how they are being evaluated; the
method of scoring; reliability and validity; and last but not least the cost.
Many operational predictors have been developed, tested, validated andapplied in the field. These will not be recounted here. Examples of the
research and literature on this area are: Guion (1965); Thorndike (1971);
Nunnally (1978); Murphy and Davidshofer (1988); Drenth (1975); De Zeeuw
(1981); Shaffer, Saunders and Owens (1986); Robertson and Smith (1989);
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Crawley, Pinder and Herriot, (1990). In the Netherlands, many new tests are
being constructed, validated and applied. The five important criteria to assess
these tests are: the aims of the tests, how they should be carried out, the
norms which should be adopted, the validity and reliability of these tests
(Evers, Vliet-Mulder and Ter Laak, 1992). All these are regulated by the
Dutch Institute of Psychologists. One operational predictor of special interest
to the project is the selection interview. This will be described in detail in
section 3.4.
3.3.4 Administering the Test
After determining operational predictors, the next stage is to use them to test
the candidate. Research on the process of administering various tests, work
samples and assessment centre exercises during personnel selection has
previously been neglected. Most studies in the literature skipped it or only
mentioned it briefly. They assume that tests and exercises can be carried out
smoothly if specifications and instructions on how it should be done are given.
Nevertheless, problems can arise when tests are used. According to Murphy
and Davidshofer (1991), the conditions under which a test is administered are
certain to affect the behaviour of the person or persons taking the test.
Standardization is the most important factor to consider. Though it is not
possible to achieve the same degree of standardization with all psychological
tests, strict adherence to standard procedures for administering these tests
helps to minimize the effects of extraneous variables, such as the physical
conditions of testing, the characteristics of the examiner, or the subject's
confusion regarding the demands of the test. Recently, more and more
research on this area is being carried out.
3.3.5 General Conclusion on the Stages of Activities
The theory on personnel selection emphasizes the carrying out of the previous
four stages within the information gathering process in a sequential or step-by-
step way. In practice, the first two stages and especially the first one, have
been rather neglected or have often not explicitly been carried out. The fourth
stage (administering the test) is most studiously carried out in the consultant
bureaus which are under study here. The emphasis within the theoretical world
is on the first two stages. According to most of the literature, they are
considered important stages which should be meticulously carried out
(Robertson and Smith, 1989; Roe, 1990b). Of utmost importance is the
explicit determination of criteria for the job. Without these being made




According to Glueck in 1982, personnel professionals and line managers gave
the interview a strong vote of confidence both in terms of the frequency and
the importance with which it was accorded. In the 1970's and 1980's, it was
the most popular and the most often used and highly valued instrument to
gather information on candidates (Clowers and Fraser, 1977; Schneider,
Hastorf and Ellsworth, 1979; Landy and Trumbo, 1980; Arvey and Campion,
1982; Robertson and Makin, 1986). Up till today, it is still very popular and
this is confirmed by Roe, Altink and Greuter (1991) in the Netherlands.
According to Cooper and Robertson (1989), 94% of the selection cases in the
USA used interviews as part of the assessment process and more than 80% in
the UK did the same. As recent as in 1992, Smith and Abrahamsen confirmed
the popularity of interviews as selection test in six EEC countries (Smith and
Abrahamsen, 1992).
3.4.1 Low Validity and Reliability?
According to Murphy and Davidshofer (1988), despite its popularity, the
selection interview has very low reliability and validity. Almost all the widely
used personnel textbooks and over 30 years of academic reviews have
criticized and even condemned the interview as lacking in reliability and
validity (Jantz, 1989). Reviews of research on interviews such as those by
Wagner (1949), Ulrich and Trumbo (1965), Schmitt (1976), Arvey and
Campion (1982), Binning et al (1988) all painted a very gloomy picture of the
interview. Hence, there seems to be a gap or discrepancy between science and
the common-sense of those who use the interview so often. Nevertheless,
recent studies have revealed that the picture is not that gloomy and that
interviews should be considered in a broader perspective and therefore should
be evaluated carefully (Dreher et al, 1988; Schmitt and Robertson, 1990; Eder
and Ferris, 1990).
3.4.2 Reasons for its Popularity
Some of the reasons for the high popularity of the interview are spelled out
systematically by Murphy and Davidshofer (1991, p.342-3). According to
them, first, interviewers usually obtain a false sense of accuracy of their
decision made during the interview because no feedback is received. This can
be called the 'illusion of validity' which suggests that people systematically
overestimate the accuracy of their own decision (Einhorn and Hogarth, 1978).
Secondly, the interview is often regarded as more practical than other
alternatives which may be technically more superior. Thirdly, the interviewer
sees the interview as a chance to 'sell' the organization to the candidate.
Cascio (1991) adds two other factors which are of interest to us here. He
argues that the interview can fill in information gaps in other selection tests
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e.g. when application forms or questionnaire-forms have not been totally filled
in or when information is incomplete. Most important of all, he says that the
interview can be used to assess factors that can be measured only via face-to-
face interaction, e.g. appearance, speech, poise and interpersonal competence.
Though these can be assessed through the verbal behaviour of the candidate,
non-verbal behaviour is the crucial factor here.
Jantz (1989), while looking  into the causes of the persistent popular use  of the
selection interview suggests that interviews are not that low invalidity and
reliability (Jantz, 1989; Schmitt and Robertson, 1990). Condemnation of the
interview has been made usually after reviewing all of the studies of the
interview without validity being corrected for factors such as range restriction
and criterium unreliability For example, the average uncorrected validity for
Wagner's 27 studies on the interview is 0.25, and for Wiesner and
Cronshaw's 143 studies, it is 0.27 (Wiesner and Cronshaw, 1988). When the
validity of these studies is corrected for range restriction and criterium
unreliability, the validity for Wiesner and Cronshaw's research population
rises to 0.48. Furthermore, with the use of moderators, such as the interview
structure, a more differentiated view of validity is obtained. For instance, for
Wiesner and Cronshaw's research, the unstructured interview has a score of
0.29 while the structured interview has a score of 0.62 (Jantz, 1989) Many
studies have confirmed Jantz's above conclusion about the higher validity of
structured interviews (Schmitt and Robertson, 1990). Following such
evaluations and the certainty that the interview will remain popular, Murphy
and Davidshofer (1988) suggest that for it was better to use structured
interviews.
3.4.3 Unstructured Interviews Have Good Points
Scientifically speaking, is the unstructured interview really useless? Let us
look at other theories and research which have traditionally not been seen as
relevant to personnel selection. Suggestions from findings of Landy's research
(on person perception issues) show that nine factors can be reliably and
accurately assessed in an unstructured selection interview (Cook, 1984:197).
These are: appearance; communication skills; education; experience;
employment history; social sensitivity; emotional stability; responsibility;
sincerity. More important, they are predictive of later job performance.
The unstructured interview is the mainstay of informal and clinical work of
the selection psychologists. Many of the basic elements, upon which the
implicit thinking processes of the psychologists are based, are formed during
the interview. For instance, one type of implicit thinking, the narrative
thinking process takes shape during the interview (Koh, 1990, 1994). Tullar
(1987) has noted that the interview can be conceived as a cognitive performing
script. There are other aspects of the selection interview which have not been
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addressed by the traditional literature on personnel selection. One good
example is the use of non-verbal communication between the psychologists
and the candidates which  has been brought  up by Cascio (1991). Literature  on
non-verbal communication and behaviour can be obtained from the field of
social psychology such as person perception studies and studies on emotion
and intuition.
3.4.4 Importance of Non-verbal Communication and Behaviour in
Unstructured Interviews
There is a certain loophole in Murphy and Davidshofer's suggestion that
selection interviews should be structured. One of the most important aspect of
professional clinical work is the ability of the psychologist to assess the
candidate during their personal contact within the selection interview setting. If
the latter is structured, much of the liberty and spontaneity of interacting with
the candidate and the intuitive and insightful ways of assessing him, may get
lost. For instance, information gaps, which are unique to every situation and
every candidate, cannot be easily filled up during a structured interview. In
addition, since structured interviews restrict the interaction between the
interviewer and the candidate, the role of non-verbal communication and
behaviour in interviews would be reduced.
Studies on non-verbal communication and behaviour between the psychologists
and the candidates during the selection interview reveal the nature of this type
of intrinsic form of gathering information for the selection process (Bull,
1987). Some authors or researchers on this area are Cook, (1984); Schneider,
Hastorf and Ellsworth (1979); Von Raffler-Engel (1980); Jackson et al (1982).
They show that the qualitative and informal or intuitive way of assessing a
candidate can have an objective basis. They also indicate that such an
approach is not necessarily inferior to statistical or quantitative methods.
According to Bull (1987) facial expression, tone of voice and other non-verbal
cues carry far more weight in determining impressions of friendliness than the
spoken message. The disagreeable or aggressive attitude of a candidate
towards the psychologist can be detected through non-verbal cues such as a
more vigilant posture of head erect, arms folded and legs crossed above the
knee (Bull, 1987, p. 148). Such resentful behaviour of a candidate can generate
negative feelings or non-sympathetic feelings of the psychologist towards the
candidate.
3.5 COMBINING PREDICTIVE INFORMATION
The next four stages concern the combination and evaluation of information
which has been obtained through the previous stages. According to Meehl
(1954) and Goldberg (1965), there are two main ways of combining the
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information:
1.     the mechanical, statistical/actuarial way, and
2.     the clinical way
As has been mentioned in chapter one, the debate on which of the two is
better has been sparked off with Meehl's article in 1954 and up till today, the
issue is still burning. Meehl clearly favours the statistical approach. Others
like Holt (1958) beg to differ and argue for the more informal and intuitive
way of collecting and combining information. They criticize the type of
studies reviewed by Meehl upon which his preference for the statistical
approach has been based. The implication of their arguments is that there are
many clinical criteria that do not lend themselves to actuarial prediction
(Wiggins, 1973). Sawyer (1966) points out that Meehl has only focused his
attention on prediction, that is, combining information and has neglected the
process of measurement and collection of information. He points out that the
gathering of information and the combining and evaluation of information
processes should be considered separately. He suggests a joint classification of
prediction methods that takes into account both the source of input data (that
is, gathering information) and the manner in which data are combined (that is,
combining information). According to him the controversy lies not in proving
which of the two (the clinical versus statistical approaches) is better but in
finding the best ways to use the two approaches to improve the quality of
clinical predictions and decisions (Sawyer, 1966; Murphy and Davidshofer,
1991).
Wiggins (1973) examines the relative validity of clinical and statistical
prediction methods in the context of justification. According to him, to
compare clinical and statistical prediction in the context of justification, the
input variables are required to be restricted to those that can be coded and
verbalized. Adherents of the clinical approach such as Holt (1958) and
Lindzey (1965) have in their argument implied that clinicians have access to
information which has been gained during face-to-face contacts with the
patient or candidate. This type of information, which is gained intuitively and
informally, is not easily translated into words and hence it is difficult to make
it explicit. According to Wiggins (1973), it is precisely this type of
'uncodable' information that gives clinicians an edge over statisticians.
The informal way of combining information can be said to incorporate both
the prognosis and decision making process. Due to its implicit nature, the two
are not separated. Formal methods for both the prognosis and decision making
processes are available and if they are adopted for the process of combining
information, then the prognosis and decision making processes can be
separated and made explicit. Types of formal models for prognosis are
described in many publications on personnel selection such Roe (1989) and
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Greuter and Roe (1991). Description of models for making a prognosis such
as linear or non-linear models using regression analysis, etc. can be found in
most mathematical and statistical books. They will not be recounted here.
Formal decision making models are of more recent date and since the decision
making process is not well discussed in many personnel selection texts, it will
be considered in the following section.
3.5.1 Decision Making Process
The area of interest for researchers on personnel selection has long been on
measurement or gathering of information on candidates and evaluating or
predicting their future performance. According to Cascio (1991) and Wiggins
(1973), this classical validity approach to personnel selection emphasizes very
much measurement accuracy and predictive efficiency. With this approach,
any decision making process is hidden or is made implicit within the
measurement and prediction process. This approach has been criticized e.g.
for ignoring certain external parameters of the selection process such as
consequences of employment of a candidate for the organization, and for
making unwarranted utility assumptions.
There are many reasons why the decision making process should be separated
from the prognosis process and why formal decision making models should be
used. Following are some of them which are important to the issue of making
personnel selection more scientifically based. First, it should be used so that
too early selection decision due to biases and other subjective effects can be
avoided. Second, external parameters such as those mentioned in the previous
paragraph can be taken into account. Third, factors, upon which the decision
are made or upon which the conclusion of the psychologist are drawn, can be
made explicit.
Development in decision theories, and from other areas such as operation
research and management science, provides the various models needed in the
decision making process. Models from decision theories have been dominant
within the theoretical world for decision making processes for the last few
decades. Up till the 1970's, there have been two approaches to study the
process of decision making, namely the descriptive and the normative
approaches. The former studies how decisions are made while the latter
studies how decisions should be made (Kassouf, 1970). Decision models
originate from the normative approach, and not from the descriptive approach.
Normative models of decision making are mathematically based, its datacollection methods are tractable and in cases of uncertainty, there are
prescribed ways to surmount the problems (Currie, 1985). Examples ofnormative theories and models are the multi-attribute utility theory, the multi-
objective method and the subjective expected utility (SEU) theroy(MacCrimmon, 1973). Descriptive methods study how human decision makers
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make judgment, reach conclusion and make decision. Examples of such
theories are Schank and Abelson's (1977) theory on scripts and Beach (1990)'s
image theory. Normative theory prescribes that the decision making process
should based on the types of strategies adopted to make a decision. It
advocates for rational reasoning within the decision making process while the
descriptive approach concentrates on the organization of information in the
human memory (Cohen, 1989). Following, let us examine the two types of
decision making approaches.
3.5.2 Normative, Rational Models of Decision Making
As early as in 1957, Cronbach and Gleser had pointed that decision making
within the selection process should make use of the statistical model
formalized by Abraham Wald, a model which had far-reaching applications in
statistics, economics and the behaviour sciences. This approach, now known
as utility theory, has many sub-theories (Cronbach and Gleser, 1957).
Within the normative decision theory approach, decision making for personnel
selection can be examined using three factors. The first factor incorporates the
types of strategies to be taken. The second includes the outcomes which
accompany these strategies and the third encompasses the amount of
uncertainty and risks which will be involved (Kassouf, 1970). For instance let:
S = strategy; Sl= Accept the candidate;
C = outcomes; Cl = Successful performance after employment;
Then  the  best and ideal decision  to  be made would  be   Sl   if  Cl   (successful
performance) is (100% certain) the outcome. Nevertheless, the decision which
is to be made is based on prediction, which in turn is based on the findings
from psychometric tests, work samples, assessment centre exercises and
informal methods such as the interview, recommendations and so on. Such a
prediction is based on a certain degree of uncertainty and therefore there will
always be risks involved in making such a decision. The types of uncertainties
which can be involved in decision making processes are spelled out in a paper
written by Humphreys and Berkeley  (1985). Sl (accept the candidate)  can  be
chosen and C3 (weak performance) can be the outcome. To calculate the gains
and losses when predictions based on such uncertainties are made, utility
values can be used. Using the subjective expected utility (SEU) theory, an
utility value is assigned to each of the outcomes of any decision made. The
value indicates the relative worth or favourableness of an outcome for an
organization (or for the individuals involved) (Wiggins, 1973).
Let   Uu = utility values;
Sl = Accept the candidate;
S2 = Reject the candidate;
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S3 =Re-test the candidate;
Cl =Successful performance after employment;
C2 = Average performance;
C3 =Weak performance.
Then the utility values of the various types of strategies in combination with
the various types of outcomes are as follows: (Please refer to table  3.1).
Table 3.1 Utility Values for Various Outcomes and Strategies
Cl C2 C3
Sl Ull U12 U13
S2 U21 U22 U23
S) U31 U32 U33
If the probability of the outcome is known, the product of this with the utility
value would yield a function. The sum of all the functions for all the outcomes
will in turn yield a value known as the anticipated or expected utility value.
And depending on the amount of risks the organization or individual is willing
to take (maximizes or minimizes the risk, etc.), the value of the expected
utility will help the organization or the individual to adopt or reject the
strategy. In notational form, the expected utility value can be calculated as
such:
E(U)i = Summation Pj(U)ij
E(U)  = Expected utility value
P      = Probability value
U     = Utility Value
For more detailed literature on utility theory and decision theory see Cronbach
and Gleser (1965). Wiggins (1973), Cascio (1978, 1991), Roe (1983), Boudeau
(1989) and Lamers, Van der Gaag and Mellenbergh (1992).
3.5.3  Organization of Information Within Decision Making Process
Another way of looking at decision making processes, using the descriptiveapproach, is to look at how information is organized while a decision is being
made. Schank and Abelson's (1977) theory on scripts and Mandler's schema
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theory (1984) provide an entirely different approach to decision making. Script
theory describes a way of organizing information in the human mind which
facilitates decision making without using quantitative and statistical methods.
Mandler's schema theory is along the same line. Scripts, schema's, text, episodes
and story approaches help the human mind to organize the available information
to be used in decision making and judgmental processes. In specific, they provide
answers to the following questions: How do human beings make fast and yet
plausible decision without using mathematical and statistical models? and what
can be the structure(s) and process(es) of such qualitative reasoning process
within the human mind? They use story plots with their many associations and
connections and in turn these plots have build-up conflicts and their respective
resolutions. By doing all these they make formerly unconnected information into
something coherent and meaningful which can then be used in making prognosis
and decisions.
3.5.4 Mixed Approach to Decision Making
During the last decade or so, new methods have emerged, e.g. from areas such
as cognitive psychology, cognitive science and artificial intelligence. Although
they do lean more towards the normative approach,  they are actually a mix of the
two approaches. They do not clearly fall under any of the two approaches. One
of them comes from the dominant cognitive psychology trend which emphasizes
on the information processing approach for decision making process (Maule,
1985). According to Maule, this (cognitive) approach has two wings. One of
which looks into the separate stages (Sternberg, 1977) involved in decision
making while the other focuses on complex cognitive skills such as problem
solving (Simon, 1973, 1979). Simon (1979) proposes the simulation approach
which assumes that a cognitive theory can be tested by representing it in a
computer programme and comparing the performance of it with that of a human
being when both are presented with a relevant experimental task (Maule, 1985).
One method developed from this approach is protocol analysis (Simon and
Newell, 1972). The study of the thinking and decision making process of the
selection psychologists can be carried out using this method.
The artificial intelligence approach, which has emerged recently, has many
methods and techniques, and one of the most popular and prominent methods is
production systems involving knowledge bases and production rules. Other
methods, techniques and models include the quasi-probabilistic models e.g. the
Certainty Factor model (Shortcliffe and Buchanan, 1984) and the Bayesian
Subjective method (Dudo, Hart and Nilsson, 1976); the Dempster-Shafer theory
known as the Belief Function Theory (Schafer,  1976); the Network models and
last but not least alternative approaches such as Fuzzy Set theory and Non-
monotonic Logical Reasoning (Lamers, Van der Gaag and Mellenbergh, 1992).
Much work has been done and is still being carried out on these areas.
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The application of the above mentioned methods are still in its infantile stage.  In
contrast to formal methods, studies on informal and qualitative methods have
been and are still being carried out. These are for instance, Bastick (1982) and
De Groot (1986) on intuitive thinking; Winograd and Flores (1986) on the
thinking process as essentially experiential and interpretive in nature; Hinton,
McClelland and Rumelhart (1986) on the human mind involved mainly in parallel
distributed processing activities. One of the goals of the project is to enhance the
selection process by using both formal and informal methods. One model which
clearly employ the two types of methods is the semi-clinical model developed by
Roe (1983). Let us look at how it works.
3.6 SEMI-CLINICAL MODEL
The semi-clinical model is created to accommodate formal and informal methods
of the selection process, as well as to allow relevant theories to make their way
into the selection process without requiring the selection psychologists to sacrifice
intuitive working processes. It is based on the principle that predictive capabilities
(intuitive and clinical thinking processes) of the psychologists are valuable but
that they should be complemented with formal methods. The semi-clinical model
helps to combine the two different types of methods. In addition, very often the
predictive process in clinical work is not separated from the decision making
process. The semi-clinical model is designed in such a way that these processes
are separated from each other and that each process and their connections with
each other become explicit. A formal decision-making model is also incorporated
so that a clear and explicit decision making process can be made based on the
previous intuitive predictive processes made by the psychologist. This model is
the subjective expected utility model (SEU). The details of the structure of the
semi-clinical model as well as its functions will be described here. Table 3.4
depicts the semi-clinical model.
The semi-clinical model comprises of six main steps. The model not only makes
explicit essentially sequential processes within the selection process, but also
reveals certain necessary but implicit information like common sense judgmental
rules used in the course of the selection process. The first step, which is indicated
by column A in the figure, comprises the identification of criteria for the job.
These can be the tasks involved in the work, aspects of the way how the tasks
should be carried out or the quality and quantity of work to be done.
The following step in Column B is divided into two parts. First, the conceptual
predictors which correspond to the criterium named in step one are identified.
This list of required predictors corresponding to each criterium would tightly bind
predictors to criteria and thereby answer the question: why do we need to test the
candidate on these personal characteristics? Next, for the second part, the
operational predictors (mainly instruments) are specified for each conceptual
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predictor named previously. They can be interviews, various psychometric tests
such as personality tests, assessment centre exercises and so on.
After that, the testing is assumed to be done and column C is available to
Table 3.2  The Semi-Clinical Model
A B C D E F G
Job anal. Pred. Find. Progn.: Utility Utility Exp.
(crit. + Chance of value for value for Util.
org. success accept. reject. value
factor) candid. candid. L
LMH L M H M H
C./ 0
TOTAL EXPECTED UTILITY =SUM  OF ALL EXPECTED UTILITY  IN
COL.G
crit. criteria
org. =   organizational.
c.                    = Conceptual predictors




expect. or exp. = expected
Util. = utility
pred. = predictors
register the findings in an orderly, step-by-step, predictor by predictor way,
corresponding to each criterium. These findings can be expressed in
points, in positive or negative notations or whatever is conventionally used by the
selection psychologists.
Step 4 (column D) pertains to making a prognosis based on the findings
registered in column C. The semi-clinical model provides an opportunity for the
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psychologist to express his assessment prediction in probability form. The
psychologist can give the probabilities of low, middle and high levels of future
job performance of the candidate, on each of the job's criteria.
Step 5 (column E) corresponds to the first step in using the SEU model i.e. the
presentation of utility values for each criterium. Such values are provided by the
psychologist who has to examine not just the job criteria and findings on the
candidate but also contingency factors related to the organization of the potential
employer. In column E, the utility values are assigned to the criterium under the
scenario that the candidate is employed and exhibits either low, middle or high
performance. The choice to use the SEU model is rather appropriate here. Many
utility models such as the multi-attribute utility model are complicated and not
necessarily better than the SEU model which is by far the most simple and robust
model. Column F is optional; it is meant for noting the utility values when the
candidate is rejected.
Column G of step six is available to register the expected utility values. These
values are obtained from multiplying the chances of each level of successes (high,
medium, low) with the utility values assigned to them. The expected utility value
of each criterium is then added up to give the total expected utility value for the
candidate who is being assessed.
3.7 CONCLUSION
Above I have given a brief review of some theories and methods that are directly
and indirectly relevant to personnel selection. They form parts of a wide range
of theories, concepts and technology which can be used in the practice of
personnel selection. Unfortunately, many of them are not always given enough
attention and  most are not applied in the practice of personnel selection. Informal
methods and intuitive thinking processes are still prevalent in the practice of
personnel selection. It is not easy to combine formal methods with these informal
processes. Nevertheless, we have examined the semi-clinical model described in
the last section. It is a model which can help to bring some of these theories to
the practising selection psychologists. The decision support system to be
described is based on this model. Before we look at the development of the
system,  let us now examine in detail what is the practice of professional work of
the selection psychologists in the Netherlands.
Professional practice of selection psychologists
4.1 INTRODUCTION
People who pursue a profession, be it teacher, carpenter or psychologist, have
to abide by certain standards, conditions, norms and regulations. These dictate
their level of knowledge and skills and the manners and ways in which they
practice their profession. In the USA, the standards and the laws on professional
practice such as the practice of psychologists are more specific than in continental
Europe. Nevertheless, there are professional bodies, e.g. the NVP (Dutch
Association of Personnel Policy) and the NIP (Dutch Institute of Psychologists)
in the Netherlands which uphold the qualifications, proficiencies and practices of
selection specialists and psychologists in particular. This chapter will first
examine personnel selection practice in the Netherlands. Next, it will discuss the
meaning of professionalism for the selection psychologists and how this is
reflected in practice. In addition, problems found in the professional practice of
the selection psychologists will be identified. Lastly, I will return to the problem
of insufficient application of science and technology by the professional selection
psychologists.
4.2 SELECTION PRACTICE IN THE NETHERLANDS
The practice of personnel selection in the Netherlands occupies a special position
in West Europe. It has reached a rather developed stage in which recruitment and
selection (R & S) activities are commercially very well organized and in which
professionals, especially psychologists, play a very important role. The Dutch
psychologists have, since the 1920's, started bureaus and offices to research and
develop selection tests and instruments to cater for the need of systematic
selection methods in the Netherlands. These bureaus slowly evolved into full-
fledged private companies offering R&S services to the public at large. Many
big companies also have their own personnel department to take care of R&S
activities. In many cases, these private consultants work hand in hand with
personnel staff of big companies. This is due to the fact that standard practice of
Dutch companies includes delegating at least a part of the R&S activity to
consultant bureaus (Altink, Greuter and Roe, 1991). In the 1980's, such bureaus
are estimated to be over 400 in number. They can be divided into two categories:
large ones which offer R&S consultancy as part of a broader package of
services and smaller ones which specialize only in R&S services. Up till the end
of the 1980's, all these bureaus have been doing very well. According to Altink,
Greuter and Roe (1991), they had a turnover of 110 million guilders in  1988 and
this turnover was expected to grow (about 20%) annually. However, this
prediction may not come true due to the significant economic downturn of the last
few years. With the recent large scale retrenchment and stagnation of vacant
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positions or freeze on recruitment, R&S activities have slowed down. My own
impression is that business in this area is now stagnating and that competition is
becoming stiffer and stiffer. This will inevitably affect the organization of the R
& S consultant bureaus and hence, the work of the selection psychologists.
4.3 SELECTION PSYCHOLOGIST AS A PROFESSION
Some aspects of the nature of the selection process in the Netherlands under
study here and the context in which it is carried out can be summarized as
follows :
1.       The psychological selection process is an organized process. It has a clear
goal, and in most cases either explicit or implicit criteria are used.
Methods and instruments to be used are usually familiar to the selection
psychologists so that the interpretation of the results and findings are mere
routine work. With due experience, tests' interpretation can be made easily
and sometimes it is being made automatically.
2.      The process is of short duration and the selection conclusion has to be
made rather fast, mostly within a day. There is no gradual build-up
process of assessing or trying to get to know the candidate better. There
is no opportunity for the selection psychologists to assess candidates in
different contexts and at different periods of time.
3.      The process is an unidirectional process. The selection psychologist tries
to assess the stranger candidate while the candidate, in his turn, tries to
impress him. It is thus not a mutual nor equal process.
4.           It is explicitly accepted that the assessment of the candidate's suitability is
valid only for a certain period; this is especially the case for the scores of
the candidates on psychometric tests.
With the above described situation of the personnel selection in the Netherlands,
let us now look at what it means to be professional selection psychologists in the
Netherlands.
According to Sales (1983), the basis of professional practice in psychology is a
thorough knowledge of biological, cognitive-affective, and social bases of
behaviour, as well as individual differences, statistics and psychometrics, and
history and systems (Sales, 1983, p.4). For the selection psychologists, the
knowledge involved is the same in general, but in particular they need to equipthemselves with theories and skills on personnel selection. According to Roe
(1993, during informal discussion), the profession of selection psychologist
requires:
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1. theory about individual differences,   and work behaviour (explanatory
theory);
2.      theory on psychometrics and decision making (technological theory);
3.             theory  on the design and administration of selection procedures;
4.       knowledge of methods, techniques and instruments;
5.      skills in applying them in practical settings.
The first four points concern theoretical knowledge and can be obtained through
following courses and self study but the last point on skills is quite different.
Beside the skills in applying the theories, skills are required in interviewing
candidates, analyzing, evaluating and combining various test results and making
a judgment based  on all these. These are skills which  have to be refined, updated
and polished. For a fresh graduate with theoretical knowledge, skills training can
be done through graduate placement and/or internship training within a R&S
organization. But such training is not sufficient. Most important of all, continuous
upgrading and learning is required from the practising selection psychologist so
that he can constantly stay abreast of recent development in various fields of
studies, directly and indirectly connected to personnel selection, both on its
theoretical and practical fronts. All these will enable the psychologist to discharge
his moral and social obligations as a member of a professional body in particular
and as a member of his society in general.
4.4 SOMETIMES SCIENCE AND TECHOLOGY ARE NOT APPLIED
Young professionals who enter the field are usually trained by older ones and
have to, more or less, follow the general mode of operation or procedures
practised in the organization. This mode of operations for personnel selection will
be described in the next chapter. Except for the requirement that knowledge from
theories is needed to analyze the results from tests and instruments (for instance
the theory ofpersonality psychology), the trainee selectors are selected as because
they have certain abilities. In many cases, these include ability to judge persons
intuitively, and most important of all, the ability to justify or rationalize and
argue for theirjudgments convincingly after the assessment had been carried out.
Even if the trainees have theoretical knowledge on personnel selection or specific
theories, they can, in principle, perform their job without applying such
knowledge. Two very significant examples are:
1.             Job   criteria   as   per se defined in theory appear   to be novel   to   many
practising psychologists. The conditions or criteria to choose and select
candidates do not entail identifying first job criteria or specifications and
then matching them with or linking them to characteristics (predictors) of
the candidate. Many selection psychologists identify job criteria but do not
link them directly and explicitly to person characteristics. Most
psychologists go straight into identifying the characteristics of a person
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who would perform well in the job. Perhaps the first two steps of
examining job criteria and translating them into person characteristics were
implicitly worked out in their minds.
2. After obtaining the findings from tests performed by the candidate and
judgments made from interviews and instruments such as assessment
centre exercises, the psychologist does not use any formal decision
process. The tests' results and informal judgments are usually simply
combined implicitly and an advice is derived out of it.
For the first point, we have seen in chapter three that there are many theoretical
studies on the importance of formulating criteria for the job (right from the
beginning of the selection process). As Drenth (1975) and Roe (1983) say, one
of the causes of the low validity of personnel selection assessment is that
predictors are not linked to criteria.
For the second point, a formal decision making process is necessary and it should
be more than just assessing and combining the results of the tests and interview.
Other factors, which must be taken into account are, for example, organizational
factors, social and cultural factors, and factors coming from political and societal
level. The inclusion of such factors in an explicit way will help the psychologist
to be more objective and to enhance the effectiveness  of the selection process.
4.5 TIME-LAG IN APPLYING SCIENCE
The practice of professions in general incorporates the application of theories and
experience in their daily professional work. Such work is both a science and an
art. It is especially so for the selection psychologists. Through accumulation of
experience and exchanges with fellow colleagues and so forth, the 'art' part in
performing their profession can be improved and enhanced with growing years.
But what about the 'science' part? In modern and post-modern societies,
development in science and technology on personnel selection has been
progressing. As can be seen from the previous chapter, a whole technology in
terms of tools, techniques and procedures has been developed (see e.g.  Herriot,
1989). Most of the selection psychologists during their college and practical
training days have acquired some theoretical knowledge. For some of them, the
knowledge acquired may be incomplete, and for others, it may be more thorough.Professionals upon acquiring theoretical knowledge go to the field and carry out
their profession. But as the years pass by, new knowledge such as new theories,
methods and methodologies emerge from the universities, research institutes, and
even from consultancy and R&S departments of big companies. The theoriesand methods of the present generation of professionals stem mostly from the past.
The application of newer knowledge from science and technology is slow. It canbe due to many reasons. It can be that habits have taken roots and hence are not
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easy to change or renew. It can also be due to time and financial considerations
of the organization since the application of new theories and methods may be
time consuming and costly. The problem which arises here pertains to the
progressing development ofknowledge which does not go directly to the selection
psychologists. The diffusion of new knowledge and technology involves a time-
lag, and a mix of factors which prevent them from reaching the practising
selection psychologists.
4.6 A DILEMMA: EFFECTIVENESS AND EFFICIENCY FOR
PROFESSIONAL SELECTION WORK
Personnel selection consultancy in the Netherlands is typically performed in
commercial and organizational settings. An organization made up ofprofessionals
working within a commercial setting faces problems just like other private
commercial organizations. But unlike production manufacturing type of
organizations which can resort to high technology and standardization of work
methods and procedures to cut cost, a professional organization cannot do that.
Probably, certain areas of their work can be standardized but the mainstay of
their work, their professionalism, the special knowledge and skills from
experience, the continuous learning, and the reinterpretation and reorganization
of their knowledge, cannot be totally standardized nor made totally explicit. But
then, how do we solve the problem of non-efficiency and growing competition
without losing the professionalism and specialties of each practising psychologist?
We need to develop a way which can help the psychologists to be able to use
whatever implicit knowledge they have but at the same time to make explicit
certain aspects of their judgement process. In addition, the psychologists should
also be assisted in using formal methods which will promote a systematic,
explicit, rational and logical approach in their work. The most important thing
in this approach is making explicit the various steps in their judgemental process
and the connections between these steps. Making these steps explicit will help the
psychologists to retrace how they have reached a certain conclusion, and hence
this helps to verify or test the soundness, reliability, viability and eventually the
validity of their judgment. In order to achieve effectiveness as well as efficiency
in carrying out their professional work, not just the individual effort of the
selection psychologists is needed. Organizational, cultural and political will from
their organization, from their own community and last but not least from society
at large is needed. This means that first, all parties involved in personnel
selection (be it the individual selection psychologist, the organization in which he
or she works or his/her clients) have to recognize the importance of the
application of science and technology, and the necessity of combining them with
informal methods. Secondly, time, energy and money should be allocated to
identify and recognize existing problems pertaining to this issue. Lastly, there
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should be the will power to want to change the existing situation and to solve the
problems.
4.7 CONCLUSION
Qualifications needed by professional selection psychologists to practise in the
field have been examined in this chapter. Some problems faced by them have
been spelled out. It can be concluded that selection practice would be better off
with wider application of science and technology but then it should be used in
combination with clinical methods such as intuitive judgment and informal
decision-making process. Professional selection work should not only be efficient
but also effective. The gap between theory and practice can be bridged if both are
strived for at the same time by the individual psychologist and by his/her
organization. To understand the gap between theory and practice, the following
chapter we will go into the actual working processes and procedures of the
selection psychologists in the Netherlands.
Selection psychologists at work
5.1 INTRODUCTION
After having described the theories and methods on personnel selection and after
looking at the practice of professional selection work in the Netherlands, let us
now look in detail the various work activities of selection psychologists. As part
of the present study, some months have been spent on observing, studying and
analyzing the professional work of selection psychologists in the field. This
chapter discusses the results of this study and hopes that they will contribute
towards a better understanding of the way in which professional selection
psychologists carry out their work at this present time in the Netherlands. The
empirical study has been carried out in two parts and this chapter will be divided
into two parts to report and discuss their respective findings. Part one will dwell
on the general study of the work activities of the selection psychologists. First,
the findings will be presented and after that a discussion on the findings will
follow. Part two will consist of an in-depth study of the thinking process of two
of the selection psychologists at work. Though this study cannot claim to describe
all the work activities carried out by all the selection psychologists in the
Netherlands, it is a representative study. The aim of this study is threefold. First,
it is to be an updated, empirical study on the work procedures and working
conditions of the selection psychologists as well as their thinking process during
judgmental moments. Secondly, this study is to look into the degree of
application of science and technology in the field of the selection practice.
Thirdly, the results of this study would determine the design of the decision
support system to be developed.
5.2 CONTEXT AND ORGANIZATIONAL SETTING FOR THIS STUDY
The present study had been carried out with the co-operation of three consultant
bureaus involved in personnel selection. The nature of the work of the selection
psychologists in their bureaus is as follows: The selection psychologists work
under contract with client organizations to carry out the selection process for
them. Candidates are referred to them by these client organizations. Under
specifications (e.g. in general, what sort of assessment programme is required)
and in consultation with the client organization on what are the criteria of the job,
the selection psychologist conducts a selection process with the candidate. At the
end of the assessment programme, he will give an advice and make a report to
his client.
The first part of this study comprised more than four weeks of studying the
selection process in one consultancy. The second part was made up of a two-
month in-depth study of the judgment process of six selection psychologists in
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three consultancies. Altogether, more than twenty candidate-cases of the
assessment process had been observed and analyzed. Sixteen cases for the first
part of the study and six cases for the second part.
5.3 ANALYSIS OF SELECITON PSYCHOLOGIST'S WORK ACI'IVITY
The first part of the study aims at understanding the selection procedures in
general and the selection interview's techniques and other methods of the
selection process in specific.
5.3.1 Methods
The methods generally employed in this study include attending selection
interviews, observing many work samples exercises, assessment centre exercises,
role-plays and video recorded exercises conducted by the psychologists with the
candidates. In total, I had attended sixteen selection interviews involving eleven
psychologists. This included attending selection interviews conducted by the
psychologists, and following every step and procedure undertaken by the
psychologists until they reached a definitive conclusion or advice on the degree
of suitability of the candidate. I have been a passive observer during all the
assessment exercises conducted by the psychologists with the candidates. The
procedures of every exercise,  the way the psychologists conducted the exercises
and the reactions of the candidate have been duly noted down.  Even my thoughts
and opinions which arose during the observation period have been recorded.
Usually, after every exercise, a short research interview was conducted with the
psychologist, where doubts were clarified. The recorded observations have later
been analyzed and they form the basis of the conclusions reached in this part of
the study. The observations thus included the activities of the psychologists as
well as my own thoughts and analyze on some of the processes which are
significant to the whole selection process.
5.3.2  Analysis of Findings - Five Stages
From the findings obtained, a general pattern of the work procedures and tasks
of the psychologists can be discerned. The analysis of the observation notes and
of the discussion with the psychologists yields a picture of a five-stage process
used by the psychologists to assess the candidate. These stages are not clear-cut,
isolated parts. They overlap each other and hence are similar to processes flowing
naturally into each other; they are also very often iterative. Following is anillustration of these stages.
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Figure 5.1: Five Stages in the Selection Process
These stages can be analyzed in terms of processes and results. The following
table illustrates these.
Table 5.1 Processes and Results of the Selection Process
PROCESSES RESULTS
1.      Forming a general image  of the candidate 1. First impression
2.  Filling up the impression or modifying it: 2. Expanded impressions
a.    Identifying the kind of person (or modified)
b. Identifying personal characteristics impression
necessary for the job
3.   Making a preliminary conclusion 3. Preliminary
conclusion
4.  Analyzing and evaluating all findings, 4. Final conclusion
scores and results
5. Explaining, rationalizing and giving reasons 5. Report
for conclusions systematically and explicitly
Let us now look at the five stages in detail.
5.3.3  Forming a First Impression
When a psychologist initially meets a candidate, a first impression of the
candidate is obtained. This impression is not specific to the job but is a sort of
common sense, general classification and differentiation of the type of person the
candidate can be. One important aspect accompanying this stage is the emotional
contact or feeling which the psychologist has towards the candidate. Some of the
psychologists whom I had interviewed reported an empathetic and sometimes
even sympathetic feeling towards the candidates. Others implied various types of
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feelings towards the candidate during the first contact. The first impression, with
these feelings attached, is a very general one. The psychologist tries to build up
an overall image or picture of the candidate with the help of the candidate's life-
history (typically read by the psychologist before the first meeting with the
candidate) and from the verbal and non-verbal communication between them
during the first meeting or interview. From my study, the very first impressionof the candidate on the side of the psychologist is usually not derived from verbal
content but mostly through the psychologist's observations and interpretations of
the candidate's non-verbal behaviours. For instance, many of the psychologists
who were interviewed, could say, at the very first few moments of contact,
whether they felt sympathetic and/or empathetic towards the candidate (though
a positive score at this point does not mean that the candidate will be assessed as
suitable  for the required job). An analysis  of the content  of the conversations
between the psychologist and the candidate at such moments does not reveal anyexplicit reasons (especially not through verbal communication) for such a
constellation. But the psychologist, when asked, always referred to the manner
of speech, the tone of the candidate's voice, and certain of his/her gestures and
facial expressions, and even his/her attire and carriage. The psychologist also
referred to the confirmation of these judgment (from non-verbal behaviour of the
candidate) during latter parts of the interview. Through analysis of my research
notes and interviews with the psychologists, I have found that, in general, the
first impression establishes:
1.    That the candidate belongs or does not belong to the extremely good or bad
performing group;
2.   A general image of the candidate based on the following three dimensions:
pleasant-unpleasant; active-passive; strong-weak.
3.   A general feeling towards the candidate; e.g. have empathy, sympathy for or
rather have an aversion towards him and so on.
The formation of the first impression by the psychologist appears to be influencedby the non-verbal behaviour of the candidate. This had been noted during my
general study on the selection process and had also been recorded down during
my research interviews with the psychologists in the subsequent case studies.
5.3.4  Filling Up the Impression or Modifying It
After the first impression is formed, an attempt is made to find out what person
the candidate is. This second stage appears to have two sub-stages. They are as
follows:
1.    Identifying the kind of person the candidate is.
2. Identifying personal characteristics necessary for performing the job well.
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Identifying the kind of person the candidate is.
This process involves a rather conscious judgment in which the psychologist tries
to be more systematic and logical in determining the kind of person the candidate
is. Usually, the psychologist will begin by trying to determine the strengths and
weaknesses of the candidate, and he does this by using his own experiences
gained from interacting with other human beings. In some cases, it was found
that a framework consisting mostly of stereotype groups of persons was used to
judge the candidate. The conclusion which the psychologist makes is more
specific in nature in comparison with the general impression made in the previous
stage. For example, the psychologist will make such statements as: 'he is
intelligent, creative and analytical; he is more towards the outspoken side though
at  moments  he is sensitive to others too'. Inferences  and even cause and effect
analyse seem to be used in 'analyzing' the candidate. For instance, prominent
events in the life story of the candidate are extracted. Hypotheses are formulated.
They are then examined by queries whereby these hypotheses are refined or
rejected and more queries are formulated. One type of reasoning used by the
psychologist here is narrative reasoning. This will be subjected to a more
elaborate study, which will be reported later on in this chapter. One last notable
finding for this stage is that at the end of it, the psychologist usually presents his
conclusions in deterministic terms. No likelihood descriptions have been
encountered unless the case is seen as an uncertain one right from the beginning.
The candidate is usually described in deterministic terms such as: 'he is alert, he
is  analytical,  he  is not creative'.
Identifying Personal Characteristics Necessary for Performing Job Well
Following the deterministic view on certain characteristics of the candidate
described above, the psychologist will begin to gauge him on other factors in a
more probabilistic way. Usually he has a list of personal characteristics or
personality traits (conceptual predictors) identified in connection with the job,
usually through job analysis. The list can have six or more characteristics, but
usually, what really counts are only three or four characteristics (according to the
psychologists themselves). Sometimes only one characteristic is considered to be
of utmost importance. The rest is subsidiary to it. Some of the most common
characteristics given by many of the psychologists are: 'A strong dose of
common sense; intelligence; emotional stability; easy social contact; analytical
capacity'. The results   of this second sub-stage   is an expanded image   of  the
candidate, an image which is geared towards the question of whether he is
suitable for the job or not.
5.3.5 Making an Initial, General Conclusion
At the end of the first two stages, when a clearer and more specific picture or
image of the candidate is obtained, an initial and general conclusion is made.
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This appears usually in the form of a general hypothesis. The psychologist can
at this moment say whether the candidate belongs to the category either towards
the 'very suitable' end of the scale or towards the 'not suitable' end. This is
illustrated in figure 5.2. The two extreme ends form the landmark on which
approximate and non-deterministic assessment can be expressed.
< <
1 1          1
1 1                                                                                         1
Not suitable suitable very suitable
Figure 5.2 General Categories
This conclusion is of a likelihood form, it is not at all deterministic. Scores
expressed in numbers may be given at this moment, but they are more symbolic
in nature than numeric. They represent landmarks on a range which the
psychologist can refer to and on which he can work upon. In many instances, the
conclusion just identifies the possibility of the candidate occupying the better or
worse parts on the scale of suitability. Later, together with psychometric test
scores and assessment exercises ratings, this conclusion will be reviewed. This
sort of likelihood conclusion stems from the uncertain nature of the selection
process.  It is uncertain in the sense that any prediction or judgment on the future
work behaviour of the candidate can only be a calculated guess. In addition, there
is and can be no absolute certainty on the information gathered by the
psychologists to be used for predicting future work performance of the candidate.
The psychologists were very aware of this. Hence, the initial conclusion can
never be fool-proof. Some of the psychologists had been very frank in admitting
this. Even the final conclusion, when all other findings are taken into account,
the so-called diagnosis or assessment will still be filled with uncertainties. It can
only be a plausible and probable conclusion.
5.3.6 Analyzing and Evaluating All Findings and Scores
Following the initial decision making process after the interview, the psychologist
waits for results and information from the tests and assessment exercises carried
out by the candidate. When all the relevant and needed information is at the
disposal of the psychologist, the final prediction process takes place. If the scores
of the psychometric tests do not contradict the previous decision made from
informal findings, all is well. The initial conclusion becomes the conclusion,though it will be very much refined. In situations when the image of the
candidate is disturbed due to conflicting findings, the psychologist seeks for
means to restore the equilibrium. The psychologist follows some strategies to
resolve this problem. I have only identified two such strategies. The first is a
strategy of giving an explanation for the contradiction and then making a
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contingency plan. The second one is that ofjust choosing or adopting one result
as the correct one and trying to ignore the other. Using e.g. the first strategy, the
psychologist will try to search for explanations for the conflicting findings. One
example is: A candidate was found by the informal method (in this case, the
interview) to qualify for the post of technical manager. But his scores from
psychometric tests on technical skills were below his paper qualification level.
The psychologist, in this case, adopted the following line of reasoning:
'Why does he have such low scores? His work sample exercise's results are
good   in  this   area.   Perhaps,   he   is   much   more   Of  a   doer   instead   Of  a
theoretician. He seems to have the practical skill but lacks somewhat behind
in his theory on technical matters. Maybe, he has worked rather long as a
technician and his college days are far off, therefore  his theoretical scores
fall below his attained qualification level.  (He has a HTS (higher technical
school) degree but scored at an MTS (middle-level technical school level) in
the test.) Well, the candidate has already confessed that he cannot do the
theoretical tests presented to him.  Infact, he had done such a test three years
ago, the result was the same - low scores. So, he does seem to be someone
who scores consistently low in theoretical paper work. But »m the
interviews  and  work  samples'  results,   he  is  a  good  technician  and  possesses
good points to become a technical manager. He probably will be able to do
well  in this  new job  if he  can  get  some  theoretical  training  to  make  up for  his
deficiency in this area. He has the necessary experience. So, we will
recommend him to his prospective employer but will also advise that he be
given supplementary  theoretical training.'
Due to the fact that the interviews during this study were conducted in Dutch, the
text produced here is a translated version and may contain some errors.
Nevertheless, the above illustrates clearly the rationalization type of reasoning
that the psychologist adopts to reach a conclusion. Explanations are sought for
the candidate's deficiency and then a contingency plan is recommended.
Sometimes, the psychologist prefers one finding and lays aside the other
conflicting one. This usually occurs when the first finding is the score of a
psychometric test which is well tested and generally recognized as a valid and
reliable instrument. This occurs even when the conflicting finding comes from
informal methods derived by the psychologist himself. In exceptional cases,
especially when the psychologist has many years of experience, he will then
doubt the test's results, relying much more on his own subjective, intuitive
judgement. In such cases, he can ignore the test results, or he can request for
another interview with the candidate, or for new tests to be given to the
candidate.
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5.3.7 Explaining, Rationalizing and Giving Reasons for Conclusion in a
Systematic and Explicit way
The last task of the psychologist consists of writing a report and this is where he
has to explicit his reasons in a systematic way. In short, he has to rationalize his
conclusion explicitly on paper to convince his client of his advice. Not much of
the real reasoning strategies or thinking processes can be obtained out of
analyzing the report. This report is very much an artefact of persuasion clothed
in convincing language and more in the form of a listing out of qualities or bad
points of the candidate.
To substantiate my findings on the various types of work activities of the
selection psychologists, I have included some notes from observing a selection
interview and some comments made by the psychologist in the Appendix. Before
concluding this section and going into the results of the case study, let us discuss
the implication of such findings and find out whether there are other research
studies which have similar results and whether the findings described above will
help to confirm other research findings.
5.4 DISCUSSION
5.4.1  Forming a First Impression
The discussion on non-verbal behaviour has been carried out in chapter three.
Many researchers, such as Bull (1987), Cook (1984) and Jackson et al (1984)
have stressed the influence of non-verbal behaviour on judgmental processes. In
my analysis on the actual practice of the judgmental process within the selection
process, this influence has been noted, hence it is similar to the findings of these
researchers. There is theoretical literature which can help us to understand the
first stage of impression formation. According to Keenan (1989), evidence from
the person perception literature suggests that individuals seek information to
confirm initial hypotheses or preconceptions. Sackett (1982) has studied the role
of initial impressions in determining interview content. In contrast, findings from
him and from MacDonald and Hakel (1985) do not corroborate the assertion that
interviewer seeks information to confirm their initial impressions. Nevertheless,
their findings do suggest that whatever feelings and general impressions have
been obtained, these will be checked for confirmation during the later parts of the
interview. This also appears in my own findings.
As far back as in 1946, Asch has discussed impression formation as some kind
of inference and organizational process which is crucial in getting to know
another person (from Schneider, Hastoff and Ellsworth,   1979).  He has proposed
two models which can explain how the impression can be formed. First, thesimple additive model which predicts that the final impression is based on the
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sum of the impressions of the individual characteristics or traits possessed by the
subject person. The second model, the one which Asch prefers, states that the
traits are immediately organized to form a whole or Gestalt (Schneider, Hastoff
' and Ellsworth, 1979). Looking at the findings from above (which emphasize the
search for a general but rather deterministic picture of the person-candidates),
assuming a holistic model seems more appropriate. According to Schneider,
Hastoff and Ellsworth (1979), almost all studies in the field of impression
formation show at least one evaluative dimension. This is usually found in one
of the first judgmental moments and can be: whether the subject is likeable or
not, whether the subject is generally good or bad, and so on. My findings show
that general feelings of the psychologist towards the candidate play a dominant
role during the first moments of their contact. In addition, evaluative dimensions
such as good-bad and active-passive dimensions, described above are also found
in my study. Hence, it does confirm the assertions made by Schneider, Hastoff
and Ellsworth.
5.4.2 Filling Up the Impression or Modifying It: Identifying Personal
Characteristics Necessary for Performing the Job Well.
Looking at the way the psychologist has tried to determine the implicit
characteristics of the candidate, he seems to use a type of personality theory for
analysis. Implicit personality theory (IPT) has been, for the last few decades, a
subject of study within the field of person perception in social psychology.
Jackson et al (1980)'s studies have connected the use of implicit personality
theory directly to the employment interview. Jackson and Rothstein (1984)
suggest that research on implicit personality theories within the context of the
employment interview has shown that inferences and decisions based on these
IPTs are reliable and accurate. They assert that their research and those of others
support the idea that there are stable, implicit conceptions of personality and that
these IPTs have reference to the world of work. More research in this area is
warranted before it can be concluded that the IPT which the psychologist uses is
reliable, accurate and relevant to the work he has to carry out (For more details
on  IPT  see Cook, 1979b).
5.4.3 Making an Initial, General Conclusion
The conclusion is usually drawn after reading the curriculum vitae and other
paper information on the candidate, as well as after an half hour to one hour
interview with the candidate. It is very interesting to study how the conclusion
or decision is made at this stage. The decision making process at the end of an
interview entails more informal and intuitive processes. It appears that available
literature on this focuses on the biases which can be made during such a process
(see e.g. Schmitt, 1976; Paunonen et al, 1987). According to Keenan (1989), so
far the focus of research in this area has been on the various decision making
biases, but little is known about the information gathering techniques used by the
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interviewers. In the present study, this initial decision making stage (or formation
of an initial conclusion on the candidate) has been chosen for detailed analysis.
The methods used to discover the technique of information gathering for this typeof decision making process and its results will be reported and discussed in the
second part of this chapter. Hereby, I hope that this research will contribute
towards filling  up what Keenan (1989) describes  as 'a relatively unknown  area'.
5.4.4 Analyzing and Evaluating all Findings and Scores
Theories on decision making, using both formal and informal methods, have been
discussed in chapter three. The findings from above obviously refer to descriptive
way of making the final selection decision. It does not give a complete picture
of the whole decision making process. To study it will require more time and
more elaborate, investigative research methods than have been available within
the scope of this study.
I have managed to carry out an in-depth case study, which consists of an analysis
of the thinking and reasoning process of the psychologist during the first three
stages described above. The following part of this chapter will describe this case-
study. It includes the results of my analysis on how the information which the
psychologist received is being organized in the mind and how it is being
processed leading to preliminary judgmental conclusions.
5.5    A CASE-STUDY
The case-study reveals one type of thinking and reasoning process called
"narrative thinking" used by the psychologist. Although in the research field of
judgment and human decision making process, this type of thinking process is
well-known, it is relatively unknown in the research field of personnel selection.
A detailed analysis and discussion of this type of thinking process will be
presented here.
5.5.1 Method
The method of analysis which had been used in this study is protocol analysis
developed by Simon and Newell (1972) for analyzing decision making process.Let us first look at the procedure of how this study has been carried out and then
at how the methods have been applied in this case study.
Six volunteer psychologists from three selection bureaus were involved in this
case-study. I usually began interviewing the psychologists in the early morning
right after they had read the biographies of the candidates. Thereafter, I satthrough the selection interview and work sample exercises carried out by the
candidates. Then I again interviewed the psychologists and subsequently tape-
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recorded their thinking aloud assessment. After the results of the candidates'
tests, etc. had been given to the psychologists, I once again recorded their think-
aloud thoughts as they analyzed the results. Next, I interviewed them, asking
them questions on the conclusions that they had made. Lastly, after they had
written the report-advice, I examined it carefully to see how it differed from their
informal way of thinking. Due to lack of time and resources, I was not able to
transcribe all the interviews with the six different psychologists. Only one of
them was transcribed while summaries were made for the rest of the interviews.
The procedure can be summarized as such:
1.     First hand observations  on the selection interviews were analyzed.
2. Research interviews were conducted before and after the selection interview.
At certain judgmental moments, the psychologists were asked to think aloud
and what they said was tape-recorded and was later on transcribed or
summarized.
3. Research interviews were conducted  when the psychologists were looking  at
the psychometric tests' results as well as when they were evaluative
performance results from work samples and assessment centre exercises.
Again these were tape-recorded and transcribed or summarized.
The resulting protocols (or verbatim protocols or transcripts) and notes from the
various interviews and observations were divided into five categories which are
as follows:
A. Thinking aloud protocols after the psychologist had read the information form
about the job which described the job and listed out the job criteria and
characteristics of an ideal candidate. Thinking aloud protocols were obtained
by recording the psychologist's responses to the information he received from
the candidate without any interruptions from any questioning (Kuipers,
Moskowitz and Kassirer, 1988).
B. Thinking aloud protocols after the psychologist had read the curriculum vitae
or application form of the candidate, and the biographical or selection form
which the candidate had filled in.
C. Cross-examination protocols which are transcripts  of the research interviews
with the psychologist. This was carried out after A and B and before the
psychologist met with the candidate. Cross examination protocols were
obtained after the thinking aloud protocol was completed, by asking the
psychologist to respond to specific questions about the judgment and
assessment made during the selection interview (Kuipers, Moskowitz and
Kassirer, 1988).
D. Observation notes which I had made during the selection interview conducted
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by the psychologist with the candidate.
E. Thinking aloud protocols after the selection interview but before the results
of tests carried out by the candidate were made known to the psychologist.
The protocols and notes represent the explicit parts of the reasoning and
judgmental processes which the psychologist had carried out to solve the selection
problem and to make a decision on the suitability of the candidate for the job. To
try to understand how the psychologist thinks and makes selection decision, these
protocols and notes should be analyzed. Protocol analysis, as described in chapter
three, is a process of translating thinking aloud protocols of subjects into
meaningful representations (Bouwman, 1978; Welbank, 1990). The
methodological principles underlying protocol analysis have been examined in
depth by Ericsson and Simon using an information process model of the
verbalization process (Ericsson and Simon, 1984). In essence the process of
protocol analysis involve tape-recording the various thinking aloud protocols of
the subject, transcribing them and analyzing its content using a coding scheme
(Grabowski, 1988). In this study, beside recording the thinking aloud protocols
of the psychologists while making ajudgment on the candidate, cross examination
protocols were also recorded. Cross examination protocols are explanations and
clarifications which the psychologist gives in reply to research questions
(Kuipers, Moskowitz and Kassirer, 1988). In general, a coding scheme is used
to analyze the protocols after they are transcribed. Within the context of this
study, the protocols (both the thinking aloud and cross examination protocols) of
six psychologists were recorded, while only two of them were transcribed. The
analysis of these protocols was carried out using a method called 'script analysis'
developed by Kuipers, Moskowitz and Kassirer in 1988. Script analysis identifies
the overall structure of the reasoning process as well as arguments and
explanations found in a protocol excerpt. The analysis reveals the goal structure
of the problem-solving process (e.g. part of the decision making process of the
psychologist) and the explanation strategy (Kuipers, Moskowitz and Kassirer,
1988).
Using the method of script analysis, I have identified a set of operators which
will account for the major reasoning processes observed in the judgmental
process of the psychologist (Kuipers, Moskowitz and Kassirer, 1988). The
operators and the objects to which they apply are spelled out in table 5.2.
The case-study of the psychologist (code-named AB) will be presented here.
This psychologist has worked for more than five years as a selection
psychologist. Let us now examine, in general, the pattern of organization of the
information which can be detected from studying the protocols of the thinking
processes of AB using the above operators.
53
5.5.2  Analysis of the Protocols: a Two-Structure System
The first protocols (please refer to appendix 1 on the protocols under the heading
'A') were recorded at moments just after the psychologist knew the title of the
job and before he had read the curriculum vitae and personal information form.
They were cross-examination protocols and appeared to be rather formless with
regard to organization of information on the unknown (he had not met him yet
nor had he read his biodata yeO candidate. The following question was posed to
him: 'Do you have any idea or image on the type of ideal candidate needed for
this job?' The answer was yes, and following the answer was a string of
attributes which the psychologist recited.
Thereafter, it seemed that concrete form and structure of the information on the
candidate developed in the thinking process of the psychologist. There seemed
to be a two-structure system affecting him thinking process. First, organized
information obtained from the outside world (as the first structure) seemed to
influence this thinking process. Secondly, the 'inner mind' of the psychologist
also has a structure which arranges the incoming information into meaningful
patterns in which the psychologist can use as a base for an action.
5.5.3 Abstract Schema Imposed from Outside
Let us look at the first structure where information from the outside world
imposes a structure on the thinking process of the psychologist.  Not just from my
case study, but also from my study on the general work activities of the
psychologists, I could discern a structure or format into which information on the
candidate was being organized. In most cases, this structure was being imposed
by the organization of the questions on the application form which the candidate
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TABLE 5.2 Sets of Operators and Objects for Script Analysis
OPERATORS OBJECTS
State Facts e.g. events, bio-social data, scenes, asser-
tions (of the candidate)
Restate (repetition of Facts or assertions and explanations of the
statements) candidate
Assert (with assumptions Implicit inference
and no clear basis)
Intend (futuristic) Course of action or actions
Question (action) State of affairs; detail of events or actions;
following events or actions; cause, reasons of
events, state of affairs; personal opinions and/or
feelings
Comment (gives opinion Events, facts and state of affairs
and judgment generally)
Describe (neutral, gives Events, facts and state of affairs
details)
Interpret (uses Candidate's assertions and explanations; state of
assumptions, is implicit, affairs
not neutral, not explicit
nor factually based)
Infer (with clear, explicit Statement conclusion; assertion conclusion
basis)
Define Statement conclusion; assertion conclusion
Redefine Statement conclusion; assertion conclusion
Explain (gives reasons) Actions; course of actions
Recollect Statement, revising facts, events, etc. which are
i existing
Memorize Facts, events, state of affairs
Re-arrange Comments, mental formation of meaningful
interpretation of given facts
Formulate Actions; intentions
had to answer or in the curriculum vitae of the candidate given to the
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psychologist. The order in which the information was presented or asked for on
the form differed from bureau to bureau but a general structure was always
present. All bureaus under study in this project included some biodata of the
candidate, that is, name, sex, age and marital status, typically found foremost in
the form. Then came the blocks of information on education, work and work
experience, sport/hobby, and lastly motivation and other subjects such as self-
evaluation of own strengths and weaknesses. Since the forms were usually filled
in by the candidates themselves, the types of information given within the blocks
differed from candidate to candidate. Some gave more information, some less;
some gave very precise information, some vague. A handful presented a colourful
description of themselves while others (the majority) offered monotonous and
-dry' ones. Nevertheless, regardless of the amount of information obtained, a
skeleton image of the candidate was obtained through the structure dictated by the
format of the form. It is this structure which provides an abstract schema for the
psychologist to process further information. The sketch or skeleton image needs
to be filled up and concretized. The psychologist used the abstract schema as a
base to do that. Further information evolved around the identification of the
candidate, and, most important of all, the education and work experience. It
seemed that under these general headings, slots were reserved in which new
information would be fitted in. For example, under the heading of work, slots on
duration, tasks, relations, critical episodes or incidence were used. The following
figure (5.3) is an illustration of the abstract schema:
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Figure 5.3 Abstract Schema
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During the second stage, when the psychologist had read the written information
on the candidate,he was usually quite influenced by the abstract schema imposed
by it. The second  type of protocols recorded (under the heading  'B' in Appendix
1) in this study is the thinking-aloud protocols of the psychologist after he had
read the selection form and curriculum vitae of the candidate and after he had
gone through the information on the job (such as job specification, job criteria
and so on). Table 5.3 shows parts of these protocols which reflect the attempt of
the psychologist to fill in the slots of the abstract schema through stating facts
provided  to  him and interpreting them. Sometimes  he also posed questions
especially when the information was ambiguous and when uncertainty arose. The
operators and their objects are shown beside the protocols. Numbers are given
to each protocol and are referenced under the pseudonym of the psychologist
'AB'. Please refer to table 5.3.
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Table 5.3 Parts of Protocols
PROTOCOL PROTOCOL CONTENT OPERATOR OBJECT
NUMBER
AB201 He is 38. State Fact
AB202 His experience - a lot State Fact
AB203 compared to younger ones. Interpret State of
affairs
AB204 In one organization, he has State Fact
worked for 10 years.
AB205 I will ask him why he leaves. Intend Course of
action
AB206 What are his experiences ? Question State of
and affairs
AB207 Why apply for a job in N.N.? Question Detail of
actions
AB208 He only stayed 2 years in his State Fact
second job after stepping out
of the first one.
AB209 Why? Question Action
AB210 HTS and WTB, mechanical State Fact
engineering.
AB211 It's something general within State Fact
the technical subjects.
AB212 He has taken too long to Interpret State of
finish it. affairs
In this way, the abstract schema became more concrete and adapted to the case
of the candidate. The slots in the abstract schema were gradually filled up notjust
by the facts given but by the interpretation of the psychologist and the questions
which he posed. The following figure (5.4) shows the schema now filled up with
some concrete information on the candidate:
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B     38
I     years
0    old
IDENTIFICATION          D
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1.1          1
Work-1 Work-2 Higher
10 years 2 years Too long
Inspection Management Technical
Figure 5.4 Abstract Schema Becomes More Concrete
5.5.4 Narrative schema in the mind
If we examine these thinking aloud protocols in a more general manner,  when all
the operators are examined in a chronological order, a pattern similar to a search
for a narrative schema is discerned. Let us look at some parts of the protocolsagain in table 5.3 and at the protocols in the Appendix 1 under the heading 'B'.
Putting all of the operators (statements, questions, definitions and so on) in a
diagrammatic form, we can identify a trend. Every statement or a group of
statements is followed either by a question or an interpretation or an assertion.
We can see that the psychologist attempts to link up the various pieces of
information, e.g. on work, by identifying linkage gaps (through formulatingquestions or intention to ask questions) and by interpreting the information.
Figure 5.5 illustrates this.
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JOB IN N.N.
why apply for the job7
38 YEAR OLD MAN
1<  >
has education of
has a lot of
HTS & WTB EXPERIENCE
(why choose this7)
technical training
-taken too long to through
complete: why?
)      VEILIGHEID










2 YEARS       <
ASSISTANT
MANAGER
Figure 5.5 Narrative Schema
Note: N.N. represents the name of the company.
Looking at figure 5.5, it is as if a larger structure is being superimposed on the
slot-statement structure. This structure consists mostly of trying to find links and
connections (either through interpretations, postulations or through questioning)
among the various groups of information. For instance, the question *why apply
for the job' (protocol number AB207) functions as a question-link between the
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vacantjob (in N.N.) and the 38 year-old candidate. The answer to this question-link is found in one of the cross-examination protocols under the heading 'C' in
Appendix 1. These protocols were rec6rded  when the psychologist was being
questioned immediately after he had read the information on the candidate but
before interviewing him. The answer to protocol AB207 is found in protocol
AB302 under heading 'C'. This is illustrated below in table 5.4.
Table 5.4 Cross-Examination Protocols
PROTOCOL PROTOCOL CONTENT OPERATO OBJECT
NUMBER                      R
AB301 How did he land here? Question State of
affairs
AB302 My idea-he wants to go back to Interpret State of
his old job. affairs
The protocol of number AB302 functions as an interpretation-link between the
vacantjob and the 38-year-old man. The narrative essence ofthe thinking process
becomes more prominent when we examined the next group of protocols (under
heading 'D' in Appendix 1) derived from taking notes of the interview between
the candidate and the psychologist. This part of the protocols reflect the content
of the selection interview and consists of, on the one hand, the questions from the
psychologists and, on the other hand, the answers from the candidate. The
questions function as question-links and the psychologist used the resulting
answers from these questions to form concrete links between various parts of the
slots in the schema and at the same time to fill in the gaps and missing links in
the schema. The following table (5.5) illustrates some of these attempts (in the
form of questions thrown at the candidate) of the psychologist.  It also illustrates
some of the answers given by the candidate which forms the links or fill in the
gaps of missing information in his life and work history.
Through the questions asked and the answers given, we can now obtain a more
'meaty' structure evolving around the life and work history of the candidate. This
structure has parts which are linked to each other either causally, conditionally
or chronically (temporal relationship). We can also see episodes within the parts,such as the episode of working abroad and the episode of the candidate's firstjob. These are not used as ornamental episodes in the life-story of the candidate,but form essential parts that make up a story through which the psychologist can
understand the candidate better. Figure 5.6 illustrates this structure.
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Table 5.5 Question-Protocols
PROTOCOL PROTOCOL CONTENT OPERATO OBJECT
NUMBER                     R
AB401 Why did you choose HTS, Question Reason of state
WTB? of affairs
W401 So that I can work with tools.
I have studied one year in
...Technical University...
AB402 What are your tasks? {during Question Details of
your placement} event
W402 Work with cars, repair with
tools...
AB403 Your foreign country period - Question Details of
What are your tasks? event
W403 I worked as a consultant in B.
and M. Individual type ofjob,
not  in  team  work...
AB404 How do you find your job? Question Personal
opinion
W404 Reasonable. I had to study
Portuguese within two weeks
and after that was sent to M.




|, 38 YEAR OLD MAN |
1                  -   111 -   31
rather busy with odd jobs choose this





HT & WTB EXPERIENCE
1 <1
longer period of study because he wants
to have many placements and is
interested in international companies.
tasks learned are:repair of tools;
design of technical worki etc.










within 2 weeks. At foreign
countries negotiate contract
management job;
has to work in team;
administrative work problems of housing and
education for his children;
has to return
2ND JOB  -
2 YEARS         <
ASSISTANT
MANAGER
Figure 5.6 Life-Story Narrative Structure
After interviewing and interacting with the candidate personally, the psychologistmade a preliminary conclusion orjudgment on the suitability of the candidate forthe job. The thinking aloud protocols under heading 'E' in Appendix 1  showed
how this is being carried out in its explicit form. The story schema which the
psychologist had developed, played its role here. From the connections made in
A
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the story, and especially from episodes within the story, inferences on the
character of the candidate could be drawn. Table 5.6 illustrates how the
psychologist had used one episode repeatedly to infer the presence of a certain
characteristics in the candidate.
Table 5.6 Inference from one Episode
PROTOC PROTOCOL CONTENT OPERATO OBJECT
OL                           R
NUMBER
AB501 From his work experience, his i- Infer Statement
mprovisation is good. conclusion
AB502 Learned Portugese within 2 Restate Fact
weeks!
AB503 Has to learn Portugese within 2 Restate Fact
weeks and after that has to begin
in Mozambique, to negotiate.
AB504 Works independently : Infer Statement
conclusion
AB505 From his experience in the Explain Inference
foreign countries many things he
has to arrange himself.
AB506 That he can work independently Restate Assertion
conclusion
AB507 Does   not  work  in  a team. Define Assertion
conclusion
AB556 Within 2 weeks an expert in Comment State of Affairs
Portuguese.
AB557 He just goes along, learning Describe State of Affairs
negotiating,
AB558 show independence too. Comment State of Affairs
AB559 Can handle different situations, Infer Assertion
does not remain stiff - flexible. conclusion




The thinking aloud sessions of the psychologist (done mostly when he is making
judgment, etc.) have revealed some of his implicit reasoning processes.
Nevertheless, many still remain implicit. These still implicit information which
leads to implicit inferencing and reasoning can only be inferred from the explicit
text. We can do this by looking at the type of information or the type of
categories of information which the psychologist makes explicit and at the same
time at the inferences which he makes. Following is a table (table 5.7) which
depicts the elaboration of the explicit as well as the implicit processes of one of
the episodes described above.
Table 5.7 Implicit and Explicit Processes
TYPES INFO. EXPLICIT INFO. IMPLICIT IMPLICIT
INFO. INFERENCE
Statement: Learned Portugese Candidate did not To be able to use a
within 2 weeks! know Portugese foreign language
but manages to within 2 weeks
learn it within 2
weeks
Statement: and after that has to and immediately and able to survive
begin in after that he was alone in a foreign
Mozambique to sent to country implies
negotiate. Mozambique
Inference: Works and he was able that the candidate
independently. to use it in must be good in
Mozambique to improvisation, has
negotiate for a common sense, is
contract independent, is
calm, is able to
handle various
situations
Inference From his and had to and can learn
experience in the arrange many quickly and is also
foreign countries, things by himself flexible.
many things he has being the only one
to arrange himself. sent there by his
company.
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SEE Eff :Enclosed is the episode in which inferences
...............
............... are made, for instance that the candidate :...............
-    can work independently;
-    has quick ideas, reacts fast and direct;
-    can make decision alone;
-   has common sense, can improvise;
- reacts calmly to situations.
Figure 5.6 6Story' of Candidate
From the above we can see that implicit inferences seem to have been made from
the episodes of the story schema by connecting the information on the candidate.
Referring to table 5.7 again, Column 2 in the table describes the types of
information found in the explicit text of the psychologist's thinking aloud
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protocols and column 3 exposes the implicit information which the psychologistuses to form a story schema. And from this story schema, implicit and explicit
inferences are made. Column 4 of the table shows the implicit inferences and
figure 5.6 illustrates the episode within the story schema and the explicit infe-
rences which have been made from the episode.
At the end of the interview and the personal contact with the candidate, andduring the following thinking moments of the psychologist, a decision is made
on the degree of suitability of the candidate for the job. This is not the final
decision, but a preliminary or tentative one. It is this preliminary decision that
we are concerned with here. This decision signifies the end of the informal
judgmental process without considering further formal or statistical help from
outside sources such as psychometric tests' scores. We could detect the decision-
making process at the ending part of the protocols, where the psychologist
became more analytical, summing up his *findings' quite systematically.Following is an extract of the thinking aloud protocol which leads to a
preliminary conclusion (table 5.8). The full version of these protocols are found
in the thinking aloud protocols under the heading 'E' in Appendix 1.
Table 5.8 Preliminary Conclusion
PROTOC PROTOCOL CONTENT OPERATOR OBJECT
0L
NUMBER
AB530 Summary here: (with reference to Intend Course of
the characteristics named before the action
selection interview)
AB531 works in a relaxed manner Re-arrange Comments
AB532 (is) independent (work) Re-arrange Comments
AB533 (is) business-like, sober (to the point) Re-arrange Comments
AB534 (has) common sense; Re-arrange Comments
AB535 (is) practical Re-arrange Comments
Near the end of his thinking aloud subjective judgment, the psychologist decided
that the candidate deserved a '6' on the following scale: '0  4   5   6  7   8'.The *6' denotes a 'sufficient' mark. He justified why a 6 was given (refer toAppendix 1 on thinking aloud protocols under heading 'E') by explaining what
each number represents, and after that again justified his decision by listing outthe qualities or desired characteristics of the candidate. The following table (5.9)
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shows an extract of these protocols:
Table 5.9 Explanation of Points Given
PROTOCOL PROTOCOL CONTENT OPERATO OBJECT
NUMBER                                                               R
AB579 6  is satisfactory (voldoende). Explain Actions
AB580 8 is excellent, very enthusiastic. Explain Actions
AB581 4 means risky case. 0 is Explain Actions
uncertain, more for younger
people, don't really know
exactly.
AB582 I give a 6 or 8, never a 7. Explain Actions
AB583 An 8 is given when I feel that he Explain Actions
is excellent.
AB584 The job in N.N. requires a man Explain Actions
who  does  not  get  an  8.
AB585 To get an 8, one has to be Explain Actions
special, an exception.
AB586 7 does not arise in this sort of Explain Actions
selection test.
AB587 I don't see that he lacks Comment State of Affairs
anything,
AB588 have to look at the results of the Intend Course of
tests. Action
5.6 DISCUSSION
Our analysis of the reasoning process of the psychologist in this case study
reveals a consistent pattern which seems to make use of a "story schema" or a
"narrative cognitive structure" to organize relevant information, and to make
conclusions for judgment purposes.  It is in many ways a subjective and informal
judgmental process. This process occurs strictly before the psychologist has
access to results from psychometric tests and other formal sources. Nevertheless,
it is an important part of the whole assessment process and cannot be relegated
to the role of being just a preface or prelude to the whole selection. It is more
rightfully the first part of the selection process.
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The judgment process in this type of narrative reasoning is holistic and not
incremental. Right at the beginning, when minimal information is available to the
psychologist, a very general picture of the candidate is formed and even a
tentative judgment on the candidate is already made. The psychologist obtains a
first impression of the candidate, mainly through his non-verbal behaviour and
biographical information from the application form. The subsequent processes of
structuring the information into a narrative form helps to expand the initial
skeletal framework of information on the candidate. Information is fitted in, past
knowledge is used as connectives until a full fledged story of the candidate is
obtained. This does not involve incremental steps of considering various factors
to make a judgment. The factors are not there but a whole story is constructed
out of the available information and this story can also be expanded if more
information is forthcoming. It is an expansion process of filling in the story
where every episode can be independent, and can be taken out or put in without
affecting the integrity of the previous whole. Every expansion of the story can
give a new dimension to the story but will not change it fundamentally. The end-
result is a unique story of the candidate not as he would see it, but as the
psychologist sees it.
Contrary to many theories and models on planning and decision-making
processes, this narrative way of structuring information does not present a
systematic and analytical discourse of the facts and the logic that holds them
together. It presents  more of a holistic way of organizing information, where,  at
different angles or dimensions, certain aspects of the whole can be more clearly
discemable. Nevertheless, at every dimension, what is presented can still be seen
as a whole. Let us now look at the precise structure of how the information is
being organized in the case reported here.
5.6.1 Structure
In our case, information organized in an abstract classification schema, that is,
from the selection form, is first imposed upon the psychologist. The form gives
a sort of organized structure to the information which the psychologist's mind
received. But the mind is not static. It tries to organize the information further
using a narrative schema which uses connections to link up the information into
a story form. The narrative schema forms a holistic picture of relevant parts of
the life and work history of the candidate. It reveals not only what has happened,
but how it has happened and most importantly, why it has happened. It connects
and links up the seemingly isolated events, facts and states of affair into coherent
understandable forms. The connectives can be causal, associative, chronologicalor even conditional, and they create sense out of the mass of information which
the psychologist receives. According to Hampe and Robinson (1986), narrativethinking is an economical cognitive instrument of the mind. We can see that the
psychologist in this study has put it to good use in the selection assessment
process which demands a conclusion within a short time. But what is most
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important of all, the narrative schema provides a set of criteria to categorize the
information and specifies the relationships between these categories. This set of
criteria is discussed in some literature on narrative thinking and on story
grammar and story schema theories; see Prince (1973), Mandler (1984), Gerrig
(1988), McAdams (1989), and Lloyd (1989, chapter 8).
Our case fits more into the concept of 'story schema', described by Mandler
(1984) as a mental structure consisting of sets of expectations about the way in
which stories proceed. The structure of a story schema can be said to consist of
first, a beginning, then a middle part, and last, an ending. And these in turn are
organized into episodes or in canons form. The further division of the schema
can be like this:
Beginning : Setting, prelude episode (goal setting function).
Middle: Development, consisting of episodes which can be complex
reactions, working out of goal paths and so on.
Ending: Outcome, which is the final episode where the goal is supposed to
be resolved, either successfully or is being frustrated and has to be
resolved and so on.
In our context, the psychologist first asks two important questions: "What sort
of a person is this candidate? And why does he apply for this job?"
The goal of the narrative judgment process is to find answers to these two
questions. Then the setting about the relevant parts of the life history of the
candidate is constructed. The example here: 'The candidate is a middle-aged 38-
year old  man,  who is Dutch, is married  and  is now applying  for  a job  in  N.N.'
etc. The overall setting is implicit: our present society, the present age, the
Western society and so on. The narration about the candidate is a limited story.
It deals only with relevant parts from his life history (in so far as the psychologist
thinks it is relevant to the job which the candidate has applied for). These
relevant parts are expandable even though a skeleton structure is always used,
namely, the identity of the candidate, the education he has enjoyed and his work
experience (please refer to figure 5.3). It extends beyond these parts when
judgment cannot be concluded from them. For example, the narration can use
information on his hobby, self-motivation and parent-family background to form
episodes whereupon images or impressions of the candidate can be conjured up.
The search for the answers to the two basic questions leads to a build-up of
important basic parts of the life history of the candidate in the middle part of the
narration. The development of the story provides answers to questions of what,
when, why and how. This development of the story-part consists of episodes with
events, states of affairs that have happened to the candidate, his reactions to
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them, and the counter-reactions from the environment to him and so forth. All
these will lead to an outcome, e.g. the candidate's second job as an assistant
manager - when his company has to be revamped and he has to leave at the
second round of dismissals. This outcome of the second job makes the candidate
unemployed and this in turn leads to his application for the job in N.N., and so
on. So the story gets built up, the goal questions are answered in the process and
the final outcome which leads back to the original situation (the application for
the job) signifies the end of the story.
5.6.2 Knowledge Processing
The process of building up a story is relevant to the judgment and decision-
making process of the psychologist because he can form implicit conclusions
from the episodes, reactions and outcomes of the story. This process of making
implicit conclusions involves the processing of information in which the
knowledge structure is used as a basis and the outcomes become the conclusions.
Most parts of this process (procedural part) are implicit, but some can be
discerned when the thinking aloud protocols are examined. For instance, pleaserefer to table 5.7 where an episode is stated and described and further implicit
information is derived and subsequently inferences are drawn from it.
Nevertheless, most of the products of the process are usually explicit.
For example, the information that the candidate is fired not because of his own
doing but because of outside, uncontrollable forces put him in a better light
(product of implicit inference) than if he has been sacked because of his own
incompetence. This involves implicit processing which includes the understanding
that the candidate is not so bad after all and that he has not made mistakes to
deserve to be sacked by his company. The product of the implicit information and
inferences is the conclusion of the psychologist that the candidate has been rather
good at his job. Another example pertains to the candidate's jobs in foreigncountries. The jobs in these countries definitely put him in a very good light
(product of implicit information and inferences). His ability to get the jobs there,being able to remain there, and at the same time performing successfully,
carrying out rather extraordinary tasks, all these are favourable points for the
candidate. The impli8t conclusion of the psychologist is that the candidate must
be a very capable person to be able to do all that. And a capable person in this
context nieans one with comnion sense and business-sense and who is flexible and
responsible. With such implicit conclusions, the psychologist is able to make a
judgment on the type of person the candidate is. From here, the psychologist
concludes that with such a set of characteristics, the candidate is expected to
exhibit certain work behaviours and performance.
The conclusion made from these implicit information and inferences on the
characteristics of the candidate determines the judgment of the psychologist andinfluences his final decision. In general, how then do we describe this sort of
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process (the narrative way of thinking and reasoning)? It is a process of
experiential organization of available information with the help of past
knowledge. It is experiential because it is real time construction of a story and
 is dependent on the psychologist's knowledge base of past experiences, which he
can recall and use. It can be concluded that such a process is partly factual and
partly imaginary. The result of the experiential way of organising and processing
information can be factual because experiences are factually based and if they are
stored in the memory correctly or not in a distorted way, an objective conclusion
can be made. It can be imaginary because this way of recalling and using
knowledge also depends on the mood of the psychologist and his state of mind
at that moment and even on his biases and prejudices. The result of this way of
organizing information can lead to a story whose connections may not be
empirical or objectively based. Hence we have here, a not-so objective (but not
totally subjective) way of making judgments.
Our preliminary conclusion of this narrative process of making judgment and
decision is  as  follows:  it  is  one  type  of the  thinking  and  reasoning  processes  that
a psychologist can use in his judgmental and decision-making process. How
important and how frequent it is being used is still not known. But from the
study, it can be seen that it is a convenient and natural method to use in order to
make a fast and satisficing judgment. Literature on this narrative way of thinking
and reasoning can be found e.g. in Llyod (1989), Robinson and Hawpe (1986),
Sarbin (1986), Pennington and Hastie (1990), McAdams (1989). Such way of
thinking is not exclusive to professionals, laymen use such type of thinking too.
Nevertheless professionals like the psychologists are likely to use it in a more
systematic and less fantasy-weaving and imaginary way. A story can be based on
facts just like news story or it can be based on fantasies and dreams.
Professionals try to weave stories based as much as possible on facts and concrete
information obtained.
There can be many other knowledge structures in the mind of the psychologist
and other ways of processing this knowledge beside the narrative way.  How do
they work and what they can be depends on how past knowledge is being
represented in the psychologist's mind and how they are being called up for
references when the new knowledge or information is being processed. Other
theories on how knowledge is acquired and stored, and how they are being used,
are quite abundant and come from areas of study such as cognitive psychology,
cognitive science, neuroscience and artificial intelligence. Unfortunately, the
discussion on these theories is outside the scope of the study at this moment.
5.7 CONCLUSION
It has been found that the selection psychologist goes through five stages while
trying to assess a candidate. The first stage, which is obtaining a first impression
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of the candidate, is carried out without reference to job criteria and
specifications. In all the bureaus under study here, job analysis (form some
bureaus it is an elaborate process and for others it is a rather simple one) is           <
carried out before this first stage (sometimes not by the same psychologist), but
the information which is obtained is not used at this stage. It is only used in the
fourth stage when the psychologist tries to combine all received information
(from formal sources such as psychometric tests, etc.) and to connect them to
information on the job. Hence, it appears that the practice of personnel selection
deviates from the theory. More evidence of this sort of deviation can be found
from this study. For instance, the predictors are identified at the latter part of the
second stage and consists mainly ofidentifying the personal characteristics of the
candidate necessary for the job. They are not linked consciously to the job
criteria, contrary to what is being advised in the literature.
For the first part of the second stage, the psychologist tries to identify the kind
of person the candidate is.  One way of doing this has been described in detail in
the second part of this chapter. It is the narrative way of structuring knowledge
and processing received information in the mind, to form a plausible conclusion.
This way of making conclusion or decision should not be belittled. According to
Mandler (1984) and Llyod (1989), its potential is high and it is probably used
commonly and frequently by professionals as well as by laymen like you and me
to make conclusions or decisions.
It is hoped that the results of this study can contribute towards better
understanding of the work of the professional selection psychologists. At any
rate, some of these results will contribute towards the design of the decision
support system which will be build to assist the selection psychologists.
Following, the whole development and design process of this system will be
described.
The development of a knowledge-based decision
support system
6.1 INTRODUCTION
The actual work processes and procedures of the selection psychologists have
been described in the previous chapter. They were the results and conclusions
made from a study on how professional psychologists work in consultant bureaus.
This chapter will concentrate on the description of the project for developing a
knowledge-based decision support system (KB-DSS) for the selection
psychologists. First, it will deal with the background and aim of the project and
then will go on to elaborate the approach and methodology which has been
adopted to achieve the aim of the project. Next, the various steps of the
development and design process of the system will be listed out. Following will
be an outline of the structure of the project and lastly, the plan and progress of
the project will be described.
6.2    BACKGROUND AND AIM
The foremost aim of the project is to look into the possibility of using a KB-DSS
to bring more theories to the personnel selection psychologists. In practical terms,
the aim of this research is to experiment and find out how a KB-DSS can
function as an effective and efficient tool to enhance the work of the selection
psychologists. The previous discussion on personnel selection in theory and in
practice has shown the discrepancies and time-lag which exist between the two.
Chapter 1 has brought up two problems within the personnel selection world.
They are namely, the time-lag between science and practice, and the narrow
approach adopted in the field of personnel selection. We have also discussed in
chapter 2 what science and technology are and how important and desirable it is
to apply them appropriately to the work of the professional selection
psychologists. In addition, we have looked at how professional work can benefit
from applying science and technology. It is not possible nor desirable to apply
science and technology to every aspect of the professional work of personnel
selection. No, personnel selection should be a combination between the intuitive
capacity of human psychologists and formal theories and methods from science
and technology. The aim of the project is hence to build a KB-DSS based on the
semi-clinical model which takes this into consideration. This model, which has
been  described in detail in chapter 3, combines  the two types of methods,   the
intuitive way and the formal methods. A KB-DSS based on this model may help
to bridge the gap between science and practice. It may also help to reduce the
time-lag between them. As part of the process of building such a system, an
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analysis of the thinking process of the selection psychologists in the field has been
carried out. Unfortunately, due to time constraints, not all the results of the
analysis (described in chapter 5) can be taken up into the design of this system.
Nevertheless, I have managed to modify parts of the semi-clinical model to
accommodate some of these findings so that a useful, meaningful and acceptable
system may be built. Details of what had been modified will be given in chapter
9.  In addition, a set of requirements, constraints and specifications (SOR) for the
system has been drawn up. The SOR is a very important document and will be
referred to very often from now on.
The outcomes of the project on the whole are expected to be: a description of the
work of the selection psychologists (given in chapter 5); the SOR; the experiences
gained in the design, development and evaluation of the KB-DSS; and last, but
not least, our estimation on how feasible it is for an artifact (something man-
made, the KB-DSS here) to help enhance the work process of the psychologists.
6.3    OVERVIEW OF THE PROJECr
The development and design process of the system has included various steps.They were all carried out within the context of trying to achieve the aims of the
project in a systematic and methodological (wherever possible) way. Tounderstand how the project was carried out, let us examine the process at three
levels: first,  at the level of actions taken; second,  at the level of results achieved
due to these actions; and lastly at the level of decisions made after evaluating the
actions and the results. The details of all these steps will be described in the
following chapters. A summary of these steps will be presented here so that anoverview of the whole process on how the project proceeded and how the systemwas designed and developed can be discerned at this moment.
The very first step of the project began with the action of conducting analysis.
Three analyses were carried out: tasks analysis (of the selection psychologists),
necessity analysis (need of developing such a system) and users' environment
analysis. The results of these were the following reports: the feasibility report,
tasks analysis report and the information flow-chart/report (the information flow
within one consultant bureau). These reports were evaluated and discussions were
held with my supervisor, whereupon a decision was made to continue with the
project.
The second step of the project consisted of surveys. This time they were technical
surveys and are namely: the market analysis (of providing a decision supportsystem for selection psychologists); software applications and tools analysis(making an inventory of available software shell systems for the development
process); and lastly, hardware inventory analysis in which the types of computersavailable in the inarket and suitable for use by the psychologists were evaluated.
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The results of these actions culminated in reports and recommendations, and the
conclusion consisted of a few decisions, namely, to purchase 'GURU' as the
software shell to develop the system; to use a personal computer with internal
memory of at least 2 Megabytes; and to use a colour monitor for the operation
of the system.
The third step embraced the first contact with the potential users (selection
psychologists working in consultancy bureaus) and the result was the formation
of a supervisory group consisting of representatives from four consultant bureaus.
A decision was made to meet regularly for formulating the SOR as well as
supervising the progress of the project.
The fourth step was an iterative process in which a prototype of the system was
developed and repeated meetings with the supervisory group were held to
formulate the SOR. The result of these iterative actions was the final version of
the SOR and the decision to design and develop the system (using the prototype
as the basis).
The  fifth step comprised the design and development  of the system. In addition,
discussions on user-interface factors were carried out with some colleagues. SOS-
1 was the outcome of this endeavour and a decision was made to conduct an
internal test on the system.
This brings us to the sixth step when SOS-1 was tested within my department of
work and organization psychology (with colleagues acting as potential users).
During the test, an evaluation was also carried out with regards to the system's
usability and usefulness. The result of this action was a refined version of SOS-1.
Thereafter, a decision was made to conduct a pilot-test with potential users in the
field.
After some planning and organization, the pilot test, the seventh step was
implemented and its results were reported in a paper. From the rather
disappointing results obtained, it was decided to evaluate the design method of
SOS-1.
This was carried out as the action of step eight and the outcome of this evaluation
was the development of a new design method, the 'Users' Participation and
Designers' Accountability (UPDA) method. A decision was then made to use the
UPDA method to design a second version of the system.
The ninth step of the project consisted of the re-design and re-development of the
system, the outcome of which is SOS-2, the second version of the system.
Subsequently, a decision to conduct a field test with the system was made. The
last step of the project was the field test for SOS-2 as well as a group evaluation
of the system with members of the supervisory group and other interested
psychologists who had been involved in the field test. The harvests of these
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actions were a report on the field test and an evaluation by the practising
psychologists on the usefulness, usability, effectiveness and efficiency of SOS-2.
The decisions of this last step are still pending (to be made), though a concrete
action had been carried out and as the reader can see, it was the writing up of
this thesis.
6.4 DESIGN METHODOLOGY - DESIGN CYCLE
Right from the beginning, a design methodology has been adopted for the design
and development of the system. It was based on the 'design cycle' as described
by Eekels (1983). Though this design methodology originates from the
engineering sciences, it may be applied to any type of product such as the
development of a user-interface and the design of a personnel selection procedure
(Roe, 1989). The general features of the design cycle, which is very much an
iterative process, is illustrated in figure  6.1.
DEFINITION
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Figure 6.1 Design Cycle
(adapted from Rozenburg and Eekels, 1991)
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The cycle has six steps which can be described as follows:
1.    Definition, as the first step of the cycle, includes defining the purpose of the
system: what is it for? why should it be developed? for whom is it being
developed? and so on.
2. Analysis as the next step makes sure that the system can be developed
according to the purpose defined. A list of requirements, constraints and
specifications (SOR) is drawn up which provides the criteria or demands
which the system has to fulfil in order to be accepted by the potential users.
3.   Synthesis as the third step pertains to the actual design of the system. It also
deals with the model on which the design is to be based as well as the
procedure and methods of the design.
4.    Simulation as the fourth step involves testing out the properties of the system
after  it  has been developed. It usually goes together  with the synthesis
process. Typically, an iterative process of the two usually occurs until
acceptable results are attained.
5.   Evaluation as the fifth step is the stage where the assessment of the system
takes place. The SOR will be used as a reference point for the evaluation.
The system as a whole is also being evaluated.
6. Finally, a decision making process unfolds whereby a decision is made
whether the system is accepted or rejected for operational use or for further
development.
The design and development of the KB-DSS will be carried out in accordance to
these six steps.
The first step (definition) is carried out when the aim of the project is defined,
first through internal channels and second, through seeking opinions from
selection psychologists from consultant bureaus. The first part of this chapter has
discussed the aims and purposes of the project derived from the internal channel.
The discussion with the psychologists and their opinions on the project as well
as on the system will be reported in the next chapter. The step on analysis
includes feasibility studies vis-a-vis the KB-DSS and technical exploration on
procuring hardware and software for developing the system. They will also be
reported and discussed in chapter 7. The synthesis step consists of the
formulation of the SOR and the design of the system. The latter will be discussed
in chapter 8 and the former in the first part of chapter 9. Since two versions of
the system were designed and developed in this project, there were two design
and development processes. The simulation step involving the testing of the first
version of the system will be described in chapter 9 and that of the second
version in chapter 12. Chapter  10 and  11 will discuss respectively a new design
method, the UPDA method, and the application of this method on designing the
second version of the KB-DSS. The evaluation of the first version of the system
will be dwelled upon in chapter 9 and for the second version in chapter 12. The
decision or conclusion made at the end of the evaluation of the system will be
carried out in chapter 13.
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6.5 PROJECr STRUCTURE
The project was carried out within the following organizational structure: I
worked as a research assistant led by my supervisor and a supervisory group with
representatives (selection psychologists) from selection consultant bureaus.
Regular contacts were maintained with the bureaus and the individual
psychologists for the following reasons: seeking their opinions on the design and
development of a KB-DSS to assist them in their work; studying their working
and thinking processes; giving demonstrations of the prototype of the system to
managers as well as the selection psychologists so as to keep them informed of
the project; testing and evaluating the developed system. Figure 6.2 depicts the
structure of the project.
6.6    PROJECT'S PLAN AND PROGRESS
The project was supposed to be carried out and completed within four years. The
plan of the project was to spend the first six months doing a literature as well as
a field study on personnel selection and other relevant topics. The next six
months were supposed to be devoted to the formulation of a SOR and making a
prototype. Another six months were for the development of the system. After that
a pilot test was supposed to be carried out. The third year should be spent on
evaluating the system and making corrections and adjustments to it. Finally, the
fourth year should be spent on writing up the thesis.
Due to a six-month maternity leave, the project plan was delayed and modified
slightly. Beside that, due to dissatisfaction over the first version (SOS-1) of the
system, some time was devoted to designing a new design method (UPDA
method) and more time was spent developing a second version of the system
(SOS-2). All in all, an extra year was needed to complete the project. The project
has been initiated in September 1988. First, a three month literature study was
made, thereafter three months of study in the field (with a focus on the work of
the selection psychologists in the consultant bureaus) was carried out. After that,
a prototype was developed and the process ofdrawing up the SOR and designing
the KB-DSS began. The processes of developing the prototype, formulating the
SOR and designing the system were iterative. A year later, in mid-1990, the first
version, SOS-1 was developed. A pilot test was conducted on SOS-1 and its
results were analyzed. Thereafter the new design method was designed, and the
design and development of SOS-2 took place. At the beginning of 1992, SOS-2
was ready and was tested in the autumn of 1992. Its evaluation and conclusion
took place at the end of the year 1992. The present thesis is a write-up and an
analysis of the whole project, its course and progress, the findings and what itsachievements are according to its expounded aim. Figure 6.3 depicts the plan and
progress of the project.
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6.7 CONCLUSION
An overview of the planning, structure and process of the whole project has been
given. It is clear that the project is of a short duration and a tight schedule with
good planning and organization has been needed to complete it. With some delay,
the project has been carried out and a KB-DSS has been developed. The
following chapters will describe how the system was designed and developed.
selection supervisory supervisor
bureaus group
research assistant (aio) --- COLLEAGUES
Volunteer selection psychologists   ( for study  on   |
their work and for evaluating the system)I
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Figure 6.3 Plan and Progress of the Project
Feasibility study and technical exploration
7.1 INTRODUCTION
This chapter will concentrate on describing various preparatory steps which had
to be taken before the proper design and development process of the knowledge-
based decision support system (KB-DSS) could be carried out. First, it will
describe how the project was initiated. Then the question of necessity or
desirability of developing such a system will be discussed. Following will be a
report on a feasibility study on the acceptability and chances of implementation
of such a system. Next, to examine the technical feasibility of developing a
system suitable for our purposes, a theoretical discussion on decision support
systems, knowledge-based systems and the methods and techniques which can be
used, will be presented. This discussion will examine the feasibility ofdeveloping
a KB-DSS using some of these techniques and methods. It is hoped that this
theoretical discussion will help to explain why a KB-DSS was adopted as the
solution to help close the gap between theory and practice of personnel selection.
Last on the agenda of this chapter will be a description and discussion on the
technical exploration of soft- and hardware systems that were chosen to be used
for developing the KB-DSS.
7.2 PREPARATORY STEPS
After the literature study on personnel selection and related fields and after the
analysis on the work of the selection psychologists, the project began to take
form. Contacts were sought with personnel selection consultant bureaus that were
willing to participate in the project. A few discussions and meetings were carried
out with individual selection psychologists and their directors or managers.
Beside seeking co-operation and advice from them, their opinions were sought
on the design of the KB-DSS. They were asked to examine their needs for such
a system. Their enthousiasm or aversion regarding the use of a computer system
to assist them in their clinical work was also gauged. Many of the psychologists
whom we talked with were also part-time involved in research activities within
their organizations. In general, all of those approached by us were enthousiastic
and willing to spend some time discussing the feasibility of the project and to
work out the requirements for the system. They were also very co-operative and
let me carry out studies on their work procedures and thinking processes, the
results of which had been described and analyzed in chapter five. All of them
have 5 to 15 years of working experience as selection psychologists and are
above the age group of 30 years. They come from consultancy bureaus, are
representative of all the bureaus in the Netherlands in terms of types of work
carried out and how they are being carried out. The bureaus have an average size
of about 20 selection psychologists.
82
7.2.1 Supervisory Group
Right in the beginning, five bureaus had been asked to participate in the project.
One bureau rejected the offer. The rest of them were favourable to the offer. A
supervisory group was formed with four permanent members, one from each of
these four bureaus. The bureaus are (in alphabetical order): Berenschot, Selection
& Recruitment; GITP; Rijkspsychologische Dienst (RPD Advies); and
Psychotechniek B.V. The aim of this group was to oversee the progress of the
project and to make sure that its aims and goals would be attained. At the same
time, the group would also provided support and information for the design and
development process of the KB-DSS.
We met with the group regularly for two to three times a year. Beside discussing
the progress of the project, most important of all, a set of requirements and
specifications for the system (SOR) was drawn up at an early stage. The SOR is
a document or list of criteria containing requirements as well as constraints which
the system had to satisfy. This SOR will be described in detail in the following
chapter.
7.3    STUDY ON THE NECESSITY AND FEASIBILITY OF THE PROJECr
The first step of the analysis phase was a survey on the necessity and feasibility
of developing a KB-DSS for the selection psychologists. The survey was done
parallel to the study on the work activities of the selection psychologists. The
following question was posed to the psychologists during the survey:
'Do selection psychologists like you really need a decision support system to
assist you in your work? '
The opinions of the psychologists and the management on this matter are very
important. One important aspect for the project is the management decision to
support the project. Without such support, no matter how much goodwill we had
with the psychologists, the project could not be carried out successfully. More
crucial to the project were the opinions of the individual psychologists, not just
those who were already involved in the project, but those who were their
colleagues and who would be asked to co-operate in the study of their work
activities or who would be asked to test and evaluate the system later on.
7.3.1 Findings
The reactions from the managers or directors on the question were diverse. Out
of the four directors/managers, one thought that a KB-DSS was necessary for theselection process while the rest were doubtful but would like to give the project
a chance. Fifteen psychologists (all of whom were subjects of the study on their
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work activities) were asked about the necessity of a computer system to support
them in their work and the feasibility of using it. Three out of these fifteen
psychologists (20%) were negative about the necessity of such a system. Reasons
for their negative responses are as follows:
1. Computer systems cannot help in intuitive (experience-based judgmental
processes) decision making during the selection process (answers mostly from
psychologists who have worked more than 20 years in this field). The
psychologists here are questioning the effectiveness of such a system.
2. Computer systems (such as an intelligent knowledge-based decision support
system) might take over the tasks and eventually the job of the selection
psychologists.
3.      It  is more cumbersome, di fficult and meaningless  to  use a computer system
for the whole selection process. It will not support the whole process
especially not the informal, implicit processes of making judgments and
decisions and will only make the process slower for the psychologists. The
human psychologists can work faster and better, and maybe more even
accurate without having to deal with a computer system.
The last criticism is similar to the first one but its emphasis is more on
difficulties involved in using the system and on the efficiency of using such a
system.
Most of the psychologists who gave positive answers saw the necessity of using
more theories in their work and recognized that a KB-DSS could be suitable to
help in this area. On the question of whether it was technically feasible to design
and develop such a system, most of them (the twelve psychologists who give
positive answers) were not sure. The to-be-developed system had to make use of
advanced techniques and methods from computer science and artificial
intelligence. These new techniques are not well-known to the selection
psychologists. On the area of applicability within their organization, some doubts
were expressed, but suggestions were also given on how to overcome problems.
For instance when they were asked whether it was feasible to apply the KB-DSS
within their organization, most of them were uncertain but felt sure that the
technical staff from their organization would help. In addition, when they were
asked whether it was feasible for them to work with the system, some who were
experienced computer users saw no difficulty in using a KB-DSS. Others who
were not so acquainted with computers showed some doubts but expressed their
willingness to learn. Nevertheless, there were a handful (those who did not have
much experience with computers) who were quite negative about having to handle
or cope with a KB-DSS while carrying out their work.
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7.3.2 Conclusion
The majority (80%) of the selection psychologists interviewed was not adverse
to the idea of using a KB-DSS to support their work. This does not mean that a
majority of all of the selection psychologists in the Netherlands is in favour of
using a KB-DSS to support their work. In fact, when the project had begun inearly 1989, some remarks and feedback from those who did not want to
participate in the project, and also from some who had heard of the project had
been negative. No survey was carried out to gauge the reactions of all the
selection psychologists in the Netherlands. Nevertheless, those who were rather
negative about using such a system came mostly from a group of 'veteran'
selection psychologists in the field. It seemed that accepting new techniques and
methods in their work was not easy after having spent so many years using the
same techniques and methods. Of course, this does not apply to everyone in this
category. The acceptance or rejection of using a KB-DSS depends a lot, I think,
on the attitude and personality characteristics of the psychologists. In addition.
it also depends on the attitude of the director or manager. as well as on his ability
to persuade the psychologists to use the KB-DSS and his ability to change
structures and processes within the organization to usher in the successful
implementation of the system.
The feasibility study on the introduction and use of a KB-DSS in selection
bureaus had provided us with some impetus to carry on the project, but beforewe go further into the other studies which were conducted, let us examine
theoretically what decision support systems are and what sort of techniques and
methods they incorporate.
7.4 DSS, KNOWLEDGE-BASED SYSTEMS AND COMPUTER SCIENCE
Decision support systems are usually defined as a type of computer software
systems developed to support management in their decision (Finlay, 1986; see
also Sprague, 1980; Keen, 1981; Bosman, 1983). But, it is not only that. The
term, decision support system (DSS) has been coined by Gorry and Scott Morton
in 1971 and since then it has come a long way, evolving and changing to meetchallenging demands in the computer science and business worlds. It is now seen
as an interactive system which makes use of a data-base and/or knowledge-baseand above all has models as its basis for solving ill-structured or semi-structured
problems dealing most of the time with uncertain information (Zachary,  1988).
7.4.1 The Adopted Definition of a DSS
Since the theory, development and use of DSS are from recent dates, the conceptof what a DSS is still evolving. A new and more demanding function anddefinition of DSS is as follows: A DSS should be "the exploitation of intellectual
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and computer-related technologies to improve creativity in decisions that really
matter." (Sol, Takkenberg, De Vries and Robbe,   1987).  This  is the definition
which I would like to adopt for this project. The DSS to be developed should be
a product of our (members of the project group) intellect, our creativity and skills
with the available computer technologies. This product should enhance not just
the work of the selection psychologists but also be an agent to creative thinking,
reflective thinking and last but not least responsible and explicit professional
performance.
In general, a DSS can be structurally defined as having three components,
(Sprague, 1980) which are namely:
1.    Data base and knowledge base
2.  Model base (decision and problem processing part)
3.      Interface
Please refer to figure 7.1 on the structure of a DSS.
INTERFACE MODEL 1-  DATABASE AND/OR
COMPONENT COMPONENT KNOWLEDGE BASE
COMPONENT
Figure 7.1 Structure of a DSS
The database component (which can include a knowledge base sub-componenO
does not just have ordinary databases which are found in traditional information
system. According to Sprague (1980), a much richer set of data sources is
necessary and the data should come not just from internal sources but also from
external sources. In addition, it should include non-transactional and non-
accounting data. Most important of all, from the whole pool of data, extraction
is necessary so that the DSS can cater to varying demands and needs of the users.
In addition, according to Holtgrefe (1986), a database management system is
needed to facilitate the communication between the users and the database.
The model component provides a collection of models to be made available to the
users. The types of models to be used depend on the type of decisions which
have to be made. Most important of all, within this component, the
communication among the various models must be facilitated. This can be done,
for instance, by the database or by a model base management system (Holtgrefe,
1986).
The interface component is a very important part since the power, the flexibility
and usability of the DSS depend very much on its capabilities. The interface can
be identified as consisting of the following sub-components: the user, the terminal
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and the software (Bennett, 1977). According to Bennett, attention has to be paid
to three areas of the interface experience. These are namely: what the user can
do, what the user sees and what the user must know. How good or appropriate
the interface is depends on the strength of capabilities in each of these areas.
7.4.2 Different Types of DSS Based on Different Models
There are different types of DSS being developed. Recently DSS for group
decision making processes, called Group Decision Support Systems (GDSS), have
been much discussed in the literature (Migliarese and Paolucci, 1993). I am here
more concerned with DSS for individual decision maker which can be
differentiated by the models that are used (especially for the PPS in the above




Optimization models are mathematical models. Good examples can be found in
operation research problems such as those found in queuing problems, linear
programining and stock problems. Statistical models include utility determination
models, Markov chain models, Bayesian subjective probability models (mentioned
in chapter three) and so on. Heuristic models are models which do not optimize
but satisfice (Simon,  1973). One example of such models are the type of models
developed by Simon and Newell (1963) known as the general problem solving
(GPS) models. Today, heuristic models include models from artificial intelligence
studies such as knowledge based models used in expert systems. A knowledge
based system can also be called an expert system. The knowledge based type of
models give DSS the chance to use a tool developed within the subject of
artificial intelligence. This tool tries to simulate as much as possible human
intelligent thinking and the human way of solving problems so that qualitative
problems involving 'soft' information (non-numeric and symbolic information)
can be solved by the computer system. A DSS using this technique is called a
knowledge-based DSS or KB-DSS. A KB-DSS tries to bring together the
advantages of the two systems (normal DSS and expert systems) so that the
merits of both can be maximized.  For this project,  more than one type of models
are used. With the semi-clinical model (which is the basic model of our DSS),
a Subjective Expected Utility model (SEU) as well as a knowledge base system
are present too in the DSS developed for this project. Following is a short
discussion on the theories of rule based expert systems (knowledge based
systems).
7.4.3 Knowledge-based System or Expert System Techniques
The construction of expert systems include three phases, which are namely:
1. Knowledge acquisition;
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2.   Translation of knowledge into production (if-then) rules;
3.      Building up the system  with the knowledge base using an expert system shell
software system or with a programming language such as LISP or PROLOG.
The bottleneck of the whole process of developing an expert system lies in the
knowledge acquisition phase. It is the phase where expert's (or in our case,
professional selection psychologists) knowledge and rules of thumbs and so on
have to be extracted and made explicit. There are a few known methods for this
phase, such as the prototyping method, the interview, multidimensional scaling
and card-sorting techniques, Knowledge Acquisition and Development System
(KADS) and so on. The prototyping method involves protocol analysis whereby
subjects are asked to think aloud while they are solving problems and making
decisions. Subsequently, the thinking aloud protocols are translated into if-then
rules and a small system is developed based on these rules. This system is
demonstrated to the subjects and modifications and refinements are made after it
has been evaluated. This process is repeated many times until the subject is
satisfied with the rules in the system (see Grabowski, 1988 and Heng, 1987).
This prototyping method and interview method are used in acquiring rules for the
knowledge base in the DSS.
7.4.4 Functional Levels of DSS
According to Keen (1987), there are three levels of support which a DSS can
offer. First, it is the traditional passive support which offers managers the various
technologically appropriate and advanced tools. Not much attention is being paid
to improving the effectiveness of the decision making process. The second level
consists of normative support in which a more practically oriented system is used.
The focus of this type of system is on how decisions should be made. The third
level is an expanded system and is concentrated on trying to explicitly influence
and guide the decision process. The emphasis of this level is focused on the




TRADITIONAL DSS How decisions are made
NORMATIVE DSS How decision-makers should
behave
EXPANDED DSS Why they are made (quality of
the effectiveness of the
decision)
Figure 7.2 Three Levels of Support
With reference to the aims and problem areas of this project, the DSS is both of
the expanded and normative type. Besides being concerned with the efficiency of
the work process of the selection psychologists, the project also stresses the use
of a DSS to help improve the effectiveness of his work. It is concerned with the
introduction of new and more advanced theories and methods of personnel
selection into the selection process. In addition, it hopes to help provide a good
combination of formal and informal methods for the selection process which will
generally enhance the effectiveness of this process.
The system to be developed in this project is a KB-DSS at both the normative and
expanded functional levels. Let us now return to the development process of the
KB-DSS.
7.5    HARDWARE AND SOFrWARE DEVELOPMENT ENVIRONMENT
Before the design and development process can begin, decisions need to be made
about the type of hardware (what type of computer) and software (such as what
type of development shell system) to be used. To make these decisions, certain
questions have to be answered. For instance: 'Whom is this system meant for?
How are the users' work processes, tasks and jobs organized? What hardware
and software are there in the market? What are their characteristics?' Let us first
examine the hardware which is appropriate for the KB-DSS.
7.5.1 IIardware
As defined in the project, the KB-DSS is meant for individual psychologists
working in consultant bureaus. The computer should be flexible and agile so that
the psychologists can easily get on with his work without being bogged down by
a lot of technical matters in maintaining and organizing files and information in
the system. In addition, it should be able to function smoothly and easily so that
the psychologist can save and retrieve files, and can work out his prediction and
decision making processes with relative ease. Hence, the required hardware
should be a personal computer (PC) rather than a mainframe or mini-computer.
Nevertheless, if the bureaus require that the psychologists co-operate with each
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other, a personal computer with network possibilities or a local network computer
system would be better. Other hardware specifications depend very much on the
software shell system that is to be used fur developing the KB-DSS. I would like
to emphasize two points regarding the choice of hardware here.
First, the speed of processing, or in technical term the compilation and execution
time, is important. Selection psychologists of today usually work according to a
time schema and the psychologists we are concerned here are working in
commercial organizations where time is counted as a financial commodity. If a
computer system is to support them in their work, the foremost criterium of the
system would be that it should not delay their work, and should relief them from
some of their workload. Hence, quick processing by the system is required, quick
answers or calculations have to be the norm. Secondly, the RAM memory, or
equivalent of short term memory, or working memory, of the computer should
be large. Due to the complex nature of the work where numerous scenarios and
combinations have to be programmed into the system, a RAM memory of more
than 2 megabytes is necessary. Although the PC's in 1989 (when the project
began) normally had a maximum of only 2 megabytes, market and technological
indications were that, in the near future, PC's with more than 4 megabytes would
be popularly used.
7.5.2 Software
There are many shell systems in the computersoftware market which can be used
to help in the development of the KB-DSS. Four of these had been shortlisted
before a final choice was made. These are:
1.      KES (Knowledge Engineering system)
2.  PC Plus (Personal consultant plus)
3. NEXPERT
4. GURU
With the help from a study report from a group in TNO (Dutch equivalent of the
National Academy of Science) over the evaluation of knowledge-based shell
systems found in the market (Abrahams, 1988) and from the literature on choices
of shell software systems (Feucht and Townsend, 1986), the above four
shortlisted systems were analyzed. The detailed criteria to evaluate these four
shell systems were found in a separate document (working paper no.5, Koh,
1989). A rather elaborate process of evaluating the four shell systems using this
long list of criteria was carried out. Table 7.1 depicts the points given to the four
shell systems using a 8-category evaluation method.
The evaluation results are summarized as follows:
1. Technical aspects were tested  on the following factors:




d.     stability of the suppliers;
e.      reliability of the system;
f.      age of the system when was it developed;
g.    development time.
The technical aspects of KES and PC-Plus were very good. There were
distributors of these shell-systems in the Netherlands. They had been evaluated
and tested and were rated quite highly. They were known to be relatively bugs-
free and, in terms of reliability of the system and good services offered by the
distributors, they were good. Less was known about the reliability and services
offered by NEXPERT and GURU. Though NEXPERT had a distributor here, it
was a relatively new product and evaluation and tests on its quality was not
known. GURU had been
Table 7.1 Evaluation of Four Shell Systems
Tech. Funct Cost Speed Users' Com- Flexi- Risk
Asp. Asp. Fl. friendli- pati- bility
+00 ness bility
KES +++ + ++ +/-        +             + +        -             +
8,5
PC- +++ ++ ++ +/- + +          +           -/+         +
Plus                        8,0
NEX-       ?             ?              + + + ++   +   ?   -
PERT 17,0
GURU ? +++ + +++ +++ +++ +++ ?
15,0
Note: + = reasonable
++ = good
+++ = very good
-           = not good
?          = not sure
introduced to us by a fellow psychologist who had contact with the manufacturer
in the United States. Though the results of its evaluation and tests were not
known in the Netherlands, documents from the United States and its widespreaduse there presented a positive picture  of the system.
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2. Functional aspects included the type of tool i.e. types of rules, types of
knowledge representation, how to deal with uncertainty, types of inference
mechanism, types of control mechanism and lastly, other types of
management tools offered beside the expert system facilities. GURU scored
very high on this, while PC-plus and KES were relatively good, but did not
offer so many functions and varieties of facilities. Most important of all,
GURU offered a wide range of other management tools such as table
management, spreadsheet facilities, data-management and graphic
presentations. In short, GURU integrated many known facilities and functions
for management information processing with an intelligent knowledge base
environment. Though NEXPERT was below GURU in performance in these
areas, it had not really been thoroughly evaluated by experts and researchers
at the time when this evaluation was carried out. So to give it the benefit of
the doubt, a '?' is allocated to its evaluation.
3.   KES and PC-Plus costed about the same - approx. f. 10,000 while NEXPERT
and GURU belonged to the more costly category. The former cost about
f.20,000 and the latter, f. 15,000 (1988 price quotations)
4. GURU offered the fastest compilation and execution time followed by
NEXPERT. KES and PC-Plus were relatively slow. This was because GURU
was programmed in a dialect language of C and compilation time was
relatively fast. Moreover, GURU had facilities which could help to speed up
executive time. PC-plus was programmed in LISP, which had a very long
compilation time and hence, the whole processing time was being slowed
down very much.
5.   In terms of user-friendliness during development process of the application
software, GURU scored very high. The facilities which GURU had included
an on-line knowledge base editor and a text-editor. It had its own checks on
integrity and so on. There were also explanations on the facilities offered,
possibilities like e.g. the tracing of the inferences, the interpretation of the
knowledge base, and  so on. The rest of the other shell systems scored
'average' in this area.
6.   In terms of compatibility, again GURU scored the highest because it could
be channelled to or work togetlier with any other software systems
programmed in C and in BASIC. In addition, it could communicate with
dBase II  &  III,  and with LOTUS  123.
7.  In terms of flexibility, GURU scored the highest again because it could
communicate externally with other programmes, as mentioned above. In
addition, it could communicate directly with other computers such as another
micro-computer, or mini-computer or mainframe computer. Either a modem
or communication ports could be plugged on for such communication. Guru
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could also work in a network environment.
8.  KES had the least risk factor because it was relatively well known in the
Netherlands and had proven record of good quality performance. The
suppliers and distributors were good in their services and in offering help in
times of difficulties. NEXPERT had the highest risk factor. Not much was
known about its performance and quality. PC-Plus was less popular than KES
but it had also less proven record of good quality. GURU was relatively new
in the market but had a good name in the United States, though it had no
distributor in the Netherlands yet.
Out of the eight points, I had stressed three points. These were: functional
aspects, speed and flexibility. If this project was a commercial project and the
system had to withstand real application criteria, then technical aspects should be
top on the priority list. Since we were embarking on an experimental research
development, my main concern was to choose a shell system which offered a
variety of good facilities and functions, whereby many possibilities could be
experimented with and be put on trial. It should also be very flexible and
compatible to many other systems. GURU stood up high on all these aspects and
seemed to fit my criteria very well. Though it had a rather high risk factor and
uncertain technical support, GURU was best suited for our purposes. GURU was
purchased for the project under an 'educational scheme' with its developer, the
MDBS Inc., at the cost of f.2000 in 1989.
7.6 CONCLUSION
The opinions of some potential users of the system had been gauged and in
general the picture was rather rosy. Although some psychologists had expressed
doubts about using a computer system in their work, many would like to try it
and had expressed their willingness to participate in the project. The decision was
also made to use a KB-DSS as the support system. It has facilities and
possibilities which suit our purposes well. After examining the various computer
hardware and software in the market, it was decided that a personal computer
should be used and that GURU should be adopted as the shell system for
developing the KB-DSS. This marks the end of the preparation stages of the
developing the KB-DSS. The next stage is to embark on the design process and
top on the list is the formulation of SOR. This will be brought up in the
following chapter.
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Formulating a set of requirements
8.1 INTRODUCTION
After the feasibility study, the technical exploration regarding hardware and
software, and the definition of decision support systems,  the next phase involves
formulating a set of requirements for the KB-DSS.  In this chapter the concept of
SOR in general and the SOR for the KB-DSS in particular will be discussed. The
latter will be reproduced in full here. Following, I will describe the evolutionary
development which was adopted to formulate the SOR and to develop the first
version of the system.
8.2    GENERAL DEFINITION OF A SET OF REQUIREMENTS (SOR)
A Set ofRequirements (SOR) is nowadays widely recognized as an important tool
in the design process of computer based systems and other tools. We can say that
it is 'a tool for designing tools'. A SOR is a list containing requirements,
constraints and specifications for the to-be developed system. These are basically
the wishes and demands of users, made into a textual form, thereby making
explicit many implicit requirements. The SOR is developed by a team of
representative potential users together with the designer(s), and is meant to be a
fundamental starting point for concrete design actions later on. In our case, a
group of representatives from the users' and the designer had come together in
a few sessions to brainstorm and discuss the various issues pertaining to the
project in general, and to formulate the SOR in particular. Decisions made were
based on consensus. Apart from being used as the basis for design actions, the
SOR functions in the design process  as a foundation for the success of the eventu-
ally to be developed system. It should help to answer questions such as: Does the
system function as it is meant to function? Does it fulfil all the verbal require-
ments set for it? Does it look like what it should look like, and so forth? When
the SOR is being properly used, it will also function as a test tool in an iterative
way and at the same time as an important source of ideas.
8.3    FORMULATION OF A SOR
The SOR was formulated in the following way: Right at the beginning, a
prototype was developed rapidly and demonstrated to the supervisory group. As
the potential users evaluated and criticized the prototype, a list of specifications,
requirements, wishes and needs became explicit. The resulting discussion on the
prototype was analyzed by us and a first draft of the SOR was drawn up from the
list. The first prototype was then modified to take in the wishes of the users and
subsequently demonstrated to the users again. Their reactions to the second
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prototype helped to clarify the requirements and specifications of the system and
induced implicit and non-verbalizable requirements. In response to the user's
reactions to the system, this prototype was again refined and modified and was
once more demonstrated to the users. These processes were repeated and the
SOR was changed according to the evaluations and conclusions of the group.
After the SOR was finalized, the various requirements and conditions were
reviewed and grades were accorded to them under the following aspects:
Essential (E), Desirable (D or W as Wenselijk in Dutch) and Not Necessary
(NN).  There are altogether 65 requirements in the SOR,  out of which  37  are
listed under (ID, and 24 under (D or W) and the rest (4) as not necessary.
Appendix 3 presents  the full version  of the  SOR in Dutch. Following  is  a
reproduction of the whole SOR in English (translated from Dutch):
A. General Points
1.   The functions of the system should be:
a.  Advise the psychologists on the procedures to be followed in the
selection process;
b.      Support the processing of information (data), reports, explanations and
So on;
c.    Collect and save customized data- and knowledge base specific to the
organization.
2.  The structure of the system should be made clear e.g. the parts on job
description should be separated from the parts on prediction and decision
making. In addition, there should be distinctions made among all the parts
with the help of different lay-outs.
3.      Right   at the start, there should be clear (good) explanation given   on   the
prediction process on the basis of person characteristics and so forth.   The
DSS should have advice-moments during the transitions from (among others):
a.    job requirements (required by the clienO to criteria;
b.    criteria to person characteristics;
c. person characteristics to instruments (choices of types of tests);
d.    findings to prediction;
e.    prediction to decision making;
and so on.
4.  The advice should not be compelling. One possibility is to let the user takehis/her own course but at crucial moments the system should ask the user if
he/she would want advice. In addition, it should be possible that the user
himself can pose questions. (In this way, the KB-DSS can take on the
important function of training new selection psychologists).
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5.   A special advice-point can be: expansion or modification of the procedure
after a choice has been made and the user has already started working with
the system.
6.  The KB-DSS should be custom-made, that is, it should be attuned to the
arrays of instruments and to the knowledge and expertise of the concerned
bureau. It should be possible for each user to add and modify something in
the course of his work.
7. There should be a 'fast way' in the KB-DSS through which quick results can
be obtained. A build-in signal function should warn the user in cases when
another more complicated way (a B-way) had to be used instead. It should
be possible to start the KB-DSS from a standard job description stage and
from a standard battery. Working with modules (within the KB-DSS) implies,
above all, a fast way.
8.   Within the KB-DSS, it should be possible to repeat steps just in case there
are more than one candidate for the same job.
9.   It should be possible to present the information (findings, predictions, utility
values) on the candidate in a comparative way.
10. When the selection cases are in the form of standard batteries, it should be
possible to fill in the information using a score-matrix.  For such cases, only
in special and unusual circumstances should the user be asked for specific
information (not found within the standard battery).
B.  Job Analysis and Criteria
11. It is desirable that the KB-DSS has job description as a component. It should
be possible for each bureau to consult and save their own job description
within the system.
12. It should be possible for each client to define his/her own fixed criteria.
13. The option here is to allow the user to choose maximum, five criteria and
maximum, four person characteristics.
14. When criteria are added (that is, changing the fixed list), the user should be
warned not to exceed the maximum number of five criteria.
15. Organization characteristics should be aligned with the criteria.
16. It is desirable to support the contact with the client at the beginning
(formulating points which have to be reported) as well as at the end of the
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selection process (formulating points which have to be reported and which
Will serve as motivation (reasons) for the advice).
17. Assigning weights to criteria is important and the weights should, at every
relevant moments, be on display.
18. The criteria should be graded (given weights) in relation to each other.
19. The user should be offered the possibility to describe the job himself (using
a form).
20.  If the user wants to modify (description 00 a job,  it should be considered a
new job and should be saved under its separate name.
21. Eventually, beside information   on   the job, organization factors   (such   as
cultural factors) should be taken up in the KB-DSS.
22. Add to the Job Analysis block (step), the characterization of the business
organization (organization characteristics) and another block on expected
changes in the job. These should be added prior to the presentation of the
criteria.
C.  Characteristics and Instruments
23. Lay-out: a matrix form should be used for choosing criteria and
characteristics and for filling in the findings.
24. Eventually, a distinction should be made between characteristics which
determine the suitability and characteristics which determine the unsuitability
(indication and contra-indications) ofthe candidate. They should be separated
from each other right from the beginning.
25. Each bureau should be allowed to determine the relationship between criteria
and person characteristics  (to be used  for the  fast way).
26.  A  list of definition of person characteristics and criteria should be offered  as
option.
27. Person characteristics should be chosen from a fixed list. The matrix should
be presented after choices have been made (the order ofpresenting the person
characteristics should be based on predictive values).
28. It is desirable for the system to give advice for choosing the various
instruments (e.g.  a list on types of instruments).
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29. For each person characteristic, more than one instruments can be chosen e.g.
a test, a scale or an interview assessment. Each bureau should be allowed to
have their own list of instruments (not relevant for SOS-2).
30. There should be distinctions made among the different types  of
instruments/predictors.
31. By categorizing jobs into groups, the system should allow users to make a
choice from a list of instruments specified for the various groups of jobs.
32. Instruments should be permitted to be altered per candidate.
D. Findings and Prognosis
33. Findings should be noted in the following form: high, rather high, average,
relatively low, low (optional).
34. It should be possible to note the scores of the candidate in a normalized
form.
35. It should be possible to work with incomplete information.
36. Eventually, the system should offer the possibility to allow the user to assign
degrees of certainty to the findings (hence not only during prediction
process). Preferable using a normalized scale.
37. There should be a fixed scale for the presentation of the findings (e.g. with
words or with graphic presentation). These should be normalized. It is
desirable to let each bureau fix their own type of scale and anchors.
38. It should be possible to choose and use a specified prediction model.
39. It should be possible to work with a formal prediction model.
40. The module prognosis should be announced beforehand.
41. The principle of prognosis should be explained clearly. The terms to use are:
good performance, weak performance and so on.
42. The terms for the prognosis categories are: Much success, reasonable
success, little success. They are defined as follows:
Much success :Very good performance;
Reasonable success :Reasonable to good performance;
Little success :Weak to reasonable performance.
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43. Eventually, it should be possible to use different prediction models for one
job, to cater for the different styles e.g. power and speed (of the various
users). Maybe this can be used with expert-rules at the end.
44. There should be rules for determining the total-judgment. At the same time,
certainty factors should be allowed to be used for the prediction of person
characteristics.
E.   Assignment of Utility Values and Decision Making
45. Explanation should be provided to the users for the assignment of utility
values. There should be explanation on how utility values are to be
determined. It should be made clear that the assignment of utility values is
dependent on the client.
46. The user should preferably be given the possibility of 'playing' interactively
with utilities, that is, changing utility values (or jobs?) so that its
effectiveness can be seen with respect to testing the tenacity of the decision
(sensitivity analysis).
47. In addition, for learning purposes, it should be possible to let the user try out
and compare various prediction models.
48. There is no need to have a general cut-off value for the utility model.
Nevertheless, it may be desirable to have a heuristic -cut-off rule.
F.  Conclusion and Advice
49. The conclusion should be made 'reliable' through presenting to the users the
reasons on which it is based. Eventually checks should be build-in for some
points so that non-permissible and risky reasoning can be detected.
50. The conclusion can be given in relative terms, e.g. in relation to the
maximum and minimum values of the expected utility.
51. The user should be able to choose for himself the job and the person
characteristics (conceptual predictors).
52. There should be checks on the 'sovereignty' of the criteria, to avoid
unnecessary complexity in the process.
53.  For the description of characteristics, it should be possible to have three-level
categories.
54. Overviews of characteristics and profiles of candidates should be given.
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55.   It  should  be  possible  for  the  user  to  compile a profile  of the candidate  with
the system.
56. There should be a function in the system in which information of the
candidate can be asked for and kept or stored in the data- and knowledge
bases.
57. There should be a record in the system reserved for each candidate so that
information on him can be saved and stored.
58. At any moment, the user should have the possibility to add or to correct
information (data) or to change the procedure.
59. The KB-DSS should have a few internal check-points (control-moments).
The control on input is important for all steps.
60. The lay-out is important. There should be lots of overviews.
61. Lay-out: For choosing criteria and person characteristics and for providing
the findings, a matrix form should be used.
62. Fixed terminology should be used e.g. tasks, criteria, predictors.
63.  It  should be possible  to  turn  back the 'pages'.
64. For each variable, there should be a default-value.
65. The system should be user-friendly for different groups of users (with
different types of experiences).
8.4 CONCLUSION
As described above, this SOR was not formulated within one session.  It was
formulated using the evolutionary development approach which in essence
involved the rapid prototyping method.  Due to lack of time, it was not possible
to include all the sixty-five points of the SOR in the KB-DSS. Hence, I decided
to include mainly the essential points (as many as possible) and only some of the
desirable points. The following chapter will describe the design of the first
version of this KB-DSS.
Design, simulation and evaluation of SOS-1
9.1 INTRODUCTION
This chapter will concentrate on the design, simulation and evaluation of the first
version of the system, 'Systeem voor het Ondersteunen van het Selection Proces',
(SOS-1, in English it means: A system for supporting the selection process). The
first section will dwell on the design approach and methods of SOS-1. It will be
followed by a description on itS Structure. Finally the findings of a pilot-test on
SOS-1 will be deliberated.
9.2  DESIGN METHODOLOGY OF SOS-1: EVOLUTIONARY DEVELOPMENT
APPROACH (RAPID PROTOTYPING)
The design process of SOS-1 was an iterative process. The methodology used
was the evolutionary development approach. This approach calls for the rapid
development of a small but useful system that reflects some basic parts of the
overall system. This small skeleton system, called prototype was built right at the
beginning and was used to help the psychologists with the formulation of the SOR
for the system. At the same time, this prototype was also the basic skeleton of
SOS-1.     It was changed, expanded and refined after every session     of
demonstration and discussion with the supervisory group. Through iteration of
these demonstrations and discussions, the prototype was corrected and expanded
until finally, when the SOR was fully drawn up, and final modifications were
made to the last version of the prototype, SOS-1 was born.
The evolutionary method was adopted after examining its advantages. Heng in
1987 discussed the advantages of the evolutionary method and said that it offered
a way to tackle four problems which were crucial in developing knowledge based
systems. These problems are:
1.    the problem of defining system requirements;
2.    the problem of extracting expert knowledge;
3.    the problem of understanding and structuring expert knowledge for machine
manipulation;
4.    the problem of maintaining the interest and enthusiasm of the domain experts.
Other authors on the advantages of the evolutionary method are Sauter and
Schofer (1988).
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9.3 DESIGN METHODS OF SOS-1 - STRUCTURED ANALYSIS AND DESIGN
TECHNIQUE (SADT) MErHOD
The technical method used for designing the first or basic prototype of SOS-1
was the structured analysis and design technique (SADT) method. The SADT
method (De Marco, 1978) was adopted for designing SOS-1 after a short
evaluation of some design methods popularly used in software engineering had
been carried out. SADT had been developed in the late 1970's when there was
a perceived need for systematic, structured, and logical design methods in which
communication was necessary between the designer and users. Previous design
methods were rather weak in catering to this need. Its advantage over other
methods is that it is more systematic and takes into consideration the needs and
wishes of the potential users. In the early days of computing, before SADT was
developed, most design processes were ad-hoc based. Systems built under such
processes were not only difficult to maintain and modify, most important of all,
the users and the management did not have access, whatsoever, to the design
process. Communication between the users and the designer was minimal. In
comparison, the SADT method is able to provide a better design process. It intro-
duces the concept and practice ofgetting requirements and specifications from the
users in a systematic way and it generally encourages meaningful communication
between the designer and the users. It has been found by many designers to be
a useful method for communicating with the users. Nevertheless, it has its
disadvantages too. This will be elaborated in the next chapter. One specific tool
of SADT is the Data-Flow Diagrams (DFD). I have used DFD in the creative
part of the design process of SOS-1 and have found it good. But DFD are not
easily understood diagrams. Even designers must have substantial experience to
be able to use them well. This means that ordinary users will not be able to
understand DFD. They cannot participate in the creative design process based on
DFD. Figure 9.1 illustrates a data-flow diagram.
9.4    STRUCTURE OF SOS-1
SOS-1  was not just a transformation of the semi-clinical model into a practical
form. The semi-clinical model was modified and adjusted to suit the wishes and
needs of the potential users as expressed in the SOR. The modified semi-clinical
model is illustrated in table 9.1.
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Menu 1
Fill in Info.       k      Filling in info.
for the job?
3    Overview of categories of job
Which job's info. to change7
-    Make Changes on chosen job
<     Correct7
Info  on printing
and reviewing
Another change7





A                   B            C Dl D2       E        G
Job analy. Pred. Find. Progn.- Progn.- Utility Expect.
(crit. + descr. Chance of value for utility
org. factor) terms success accept. value
candid.
LMH L M H
C./0.
TOTAL EXPECTED UTILITY (TEU) = SUM OF ALL EXPECTED
UTILITY IN COL.G
ADVICE: FROM KNOWLEDGE BASE WHICH COMBINE TEU WITH




C.        = Conceptual predictors





Among others, the job analysis stage (Column A, see chapter 3) was expanded.
The original semi-clinical model (chapter 3) had only one column (D) for
prognosis. Due to the findings from the study of the selection psychologists' work
and thinking processes, an extra column (Dl) was added. One of the results from
the case study on the thinking and reasoning process of the psychologists
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emphasized the narrative way of making conclusion (chapter 5). This is one way
of making informal judgment and is very descriptive in nature. Column Dl was
added in to let the psychologists put in their conclusion based on this narrative
reasoning process. Column F of the original semi-clinical model had been left out
since one of the findings from the study indicated that the psychologists were not
interested in calculating the utility values of candidates who were rejected.  At that
moment and for this experimental KB-DSS, I thought it was not necessary to
consider such utility values, hence, column F was left out. The next part of the
model was the working out of the total expected utility (T.E.U.) from the
findings of the other columns in the model. It was followed by a knowledge base
which was installed as the last part of the modified model. This knowledge base
(using expert systems' rules) combined the findings from the prognosis (D 1) and
the T.E.U. to present the user with a conclusion. The rules used are common
sense rules such as :
1.    If one of the criteria has a high-value weight and
if its predictors have low scores
then the conclusion is to reject the candidate.
2.   If the total expected utility value is below 0
then the conclusion is to reject the candidate.
These 'common sense' rules have been formulated during the preliminary study
and analyses carried out at the bureaus at the beginning of the project.
Structurally, SOS-1 was based on this modified semi-clinical model. To be more
user-friendly, it offered some facilities which helped the proper execution of the
system. Specifically, SOS-1 consisted  of the following parts or modules (table
9.2):
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Table 9.2 Modules of SOS-1
Numbers Types of the modules in SOS-1
1.                Introduction and main menu
2.               Job Analysis
3.                                     Choice of person characteristics or conceptual predictors
4.                     Choice of operational predictors or instruments and tests
5.                 Filling-in the results or finding (descriptive and in
percentage forms)
6.                Prognosis
7. Decision making
8.                 The Whole Selection Process (with knowledge base at the
last part)
Module 1 is an introduction which gives general instructions and provides an
overview of the structures and functions of the system. The users are given the
choice to run through this introductory module or to go straight on into the main
menu  (which  is also found in Module   I).  The menu offers 7 choices  for  the
users.  6 of the 7 choices (numbers 2 to 7) are independent modules running from
number 2 to number 7 in the above table. The last choice (number 8) provides
users with the opportunity of running through the whole selection process without
having to stop, that is, from Module 2 to Module 7.
Module 2 is the determination of criteria for the job. First, the job must be
analyzed before any assessment of the candidate can begin. This consists of
determining the criteria suitable for the job. Users are also asked to assign
weights to each criterium. A small part of this module allows the users to fill in
organization factors too.
Module 3 asks the user to determine the person characteristics of the candidate
necessary for each criterium.
Module 4 presents a very broad category of instruments or operational predictors
from which the user has to make a choice. The categories are: psychometric
tests; interview; assessment centre exercises; work samples; and others.
Module 5 asks for findings or results from the measurement or testing carried out
with the operational predictors which have been administered outside of the
system.
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These findings form the basis for a prognosis which is carried out in module 6.
Following, module 7 offers the subjective expected utility (SEU) model to the
users. This model helps the users to determine utility values for each criterium
and to calculate the expected utility values (for each criterium) using the
prognosis from the previous module. Module 8 consists of a sequence including
these six processes and allows the users to go through the whole selection process
without having to choose module by module.
The last part of module 8, consists of a consultation of knowledge base described
above, which has built-in common sense rules. These rules include those which
consider the findings from the tests and the weights of the various criteria, as
well as the total expected utility value calculated by the SEU model. With the
processing of these rules, a conclusion can be made and finally the system gives
an advice: it is either an advice on accepting or rejecting the candidate.
9.5 INTERMEDIARY EVALUATION OF SOS-1
After SOS-1 had been completed, a pilot-test was conducted with five potential
users in the Spring of 1991, at least one from each bureau. The aim of the pilot
study was to test SOS-1 in terms of functionality and usability with potential
users in their working environment.
This pilot-test study was a test using sample cases of candidates. These were
randomly chosen historical cases which the participants were able to dig out of
their archives. The only criterium for the cases was that they should be recent.
The subjects involved in this study were the members of the supervisory group
(who were also potential users of SOS-1) and two of their colleagues who had
never seen SOS-1 (any of its prototypes) before.
The pilot study consisted of three sessions with the participants and was
conducted in the following way: It began with a short oral introduction on the
structure of SOS-1 to the participants. A description of the semi-clinical model
on personnel selection together with a diagram on the structure of SOS-1 were
shown to them. These were given to facilitate their understanding of SOS-1.
After the explanation, a demonstration on how SOS-1 worked was given. This
demonstration used module 8 (the whole selection process) and it lasted from 45
minutes to 2 hours. After that, the participant tried out the system himself. Here
is the real test of the functionality as well as the user-interface of SOS-1.
Comments and remarks by the participants and my own observations regarding
their behaviour and attitudes during the session were noted down. Following is
a description and discussion on the results.
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9.5.1 Positive results
In general, when the potential users tested SOS-1 themselves, the process was
relatively smooth. There had been no major break-down which could led to
stoppage, and all of the participants, including the -non-experienced' participants
successfully finished one whole selection process with SOS-1 by themselves with
little cues from my side (I actually sat back and observed their performance with
little interference). This can be attributed to many reasons. The main one is that
the many of the participants were familiar with SOS-1, having gone through more
than 3 demonstrations of SOS-1 when it was in its developmental stages. But it
must be stressed here that none of them had physically handled SOS-1 before.
Such a success could be due to the participants' good mental and visual
understanding of SOS-1, and also to the appropriateness and clarity associated
with the structure of SOS-1  and the accompanying interface.  The only significant
problem (in terms of operating and running the system) encountered, was related
to the SEU model in SOS-1 and the limited capacity of SOS-1 to go back to
previous screens.
The evaluation by the participants revealed the following reasons for the relative
success in running and operating the system. In general, the components or
modules of SOS-1 were found to be appropriate and applicable to the selection
process. SOS-1 consisted oforderly stages which were also appropriately lined-up
in a sequel to ensure the smooth and logical flow of the selection process. SOS-1
had in general passed the preliminary test of structural compatibility, albeit with
reservations since there were still some problems concerning its structure.
The user-interface was not fully implemented yet. The essential parts of the
interface as laid out in a separate document (Koh, Working paper no.8, 1991)
were present though some parts like the capacity to go back to the previous
screen had not been implemented. In addition, explanation, feedback and advisory
moments were also not fully functional yet. Nevertheless for the purpose of this
pilot study, not many problems were encountered. Probably my presence and the
short explanation at the beginning of the session did help the participants to stay
on the correct track most of the time.
9.6 PROBLEMS
Not all had been rosy with the evaluation of SOS-1. As have been said above,
there were some structural as well as functional problems. Let us first look at the
structural problems, which were less serious in nature than the functional ones.
9.6.1 Structural Problems
The first structural problem was the timing of the assignment of the utility's
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values for the decision-making model. After a session with one of the bureaus,
it was found that difficulties were encountered when the psychologist had to
determine the utility value of each criterium in the decision making module
(which was almost near the end of the session with the system). I decided to
bring this part forward to the job analysis stage, which was the beginning module
and which involved determining the criteria. This module seemed more
appropriate as it helped the psychologist to elicit utility values when he was at the
same time considering job's criteria and organizational factors. Implicitly,
potential users were encouraged to assign the utility's values during the job
analysis together with the client.
The second problem concerned determining the cut-off point on an utility scale,
which was needed for the SEU model in SOS-1. After some discussion with the
participants, the conclusion was made to set a general -cut-off point' for the job
asa whole rather than using one for each of the 5 criteria. Nevertheless, as this
factor was and still is alien to the many of the potential users (the nearest of
which was the 'break-off risk' used in one of the bureaus) this will remain a
problem for application purposes of SOS-1.
The list of instruments and predictors to be used for measuring the persons'
characteristics formed a problem since an exhaustive list would be impossible to
be included in SOS-1. In practice, the list of instruments, especially in the form
of psychological tests and work samples, is very long. SOS-1 used a short
general list which categorized the instruments into general types. But the
categories were far from satisfactory. The participants preferred a long list
consisting of the actual instruments so that the findings associated with each of
them could be reported by SOS-1. But this in turn could lead to an explosively
long list of findings (20 to 50). The key problem which I envisaged here,  was the
increase in size of the program in SOS-1. And this leads to our last but not least
important problem in this category - the capacity of the personal computer to run
all the programs and use all the facility functions of SOS-1.
The problem of capacity is rather devastating as it involves the feasibility of
operating the system. SOS-1 as a decision support system had a capacity which
was too large for the present ordinary 1991 personal computer. Most of the
selection psychologists (in 1990) had PCs with an internal memory of less than
2 MB. I had been using an AT PC model (with 4 MB RAM) which had higher
capacity than the ordinary PC and therefore I was not aware of this problem up
till then. Though I had solved the problem at the pilot study session by loading
in only module 8 of SOS-1, this capacity problem meant that SOS-1 has to be
much smaller if it was to be of any practical use to potential users using ordinary
PCs. It also meant that many of the structural facilities and user-interface
facilities offered, or to be offered, had to be cancelled unless ordinary PCs in the
future would have greater capacity. (Note: the 1994 PC's market looks
promising, ordinary PCs now do have much higher capacity, i.e. 4MB or more).
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9.6.2 Functional Problems
Even though SOS-1 had, in general, passed the test of being structurally
compatible to real-life selection practice. the results of the functionality test were
different. The successful structural test means that SOS-1 has the right
components necessary for the selection process and, above all, that they occur in
the right order. Nevertheless, this does not mean that SOS-1 can and will be used
in real selection practice. SOS-1 has to pass certain requirements (important parts
taken from the SOR) before it can be used by its potential users. According to
certain 'essential' points spelled in the SOR and through repeated revelations
from the participants during the pilot test, SOS-1 had to:
1.   Come out with an advice or conclusion within a short period, so that it will
save the working time of the users.
2.    Facilitate the smooth and systematic functioning of the selection process and
at the same time provide an added value to the process so as to justify its
usefulness to the potential users and their clients.
3.   Be able to help the users to give logical and convincing reasons to clients for
the conclusions reached.
4.   Give the users not too complicated nor unfamiliar problems to solve during
the consultation session, such as making them think of estimating utility's
values which they have not thought about before, or have never known of
before.
SOS-1 unfortunately still had problems in satisfying users on these four points.
Participants expressed doubts whether SOS-1 could cater for the first three points.
They definitely thought that SOS-1 had failed in point four. The latter concerns
the SEU model and is the most significant functionality problem of the system.
Most of the participants found the SEU model too abstract. Some did not know
exactly what utility value was and hence found the assignment of utility values
rather subjective. With the exception of one bureau, the other bureaus were at
that moment not familiar with decision-making models and, in particular, with
the SEU model used in SOS-1. Hence, the applicability of SOS-1 appeared to be
limited in this aspect.
Other functional problems are also crucial to the success of the system. First,
there is the semantic problem of choosing terms to represent the personal
characteristics of an ideal candidate. Each bureau had its own terminology and
its own meanings attached to the terms used to depict personality and behavioral
characteristics of the candidates. Even within the same bureau, psychologists
differed in opinion over the interpretation of the meanings of these terms. This
problem was partly solved by having a different list for every bureau from which
the participants could choose. Another closely related problem was the way in
which personal characteristics were to be chosen and used. Questions to ponder
here are : Should they be chosen in an order of increasing importance? If so,
should weights be attached to them to show their relative importance ? And
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should these weights be taken into account in the general prognosis stage after the
measurement of person characteristics has been carried out? Some of the
psychologists preferred different weights to be assigned to the characteristics.
Nevertheless, at the moment of the pilot test no weights were asked to be
assigned to the person characteristics and they were assumed to be of equal
importance.
Another functional problem concerned the terminology used for anchoring the
measurement scales. I had used a 5-point scale with the following anchors:
Very good, Good, Reasonable, Uncertain, Not good
During the pilot study, dissatisfaction with the scale was brought up. Some had
given suggestions on the anchors used in the scale before testing SOS-1, but after
having tried the system another set of anchors was proposed. My conclusion is
that it is difficult to have a scale which everyone will agree upon. Every bureau
has its own scale and even within the bureaus, psychologists differ in opinion on
the scale, and worst of all, sometimes at different moments, the individual
psychologist uses different anchors in the scale. Hence, no single scale could be
agreed upon by the members of the supervisory group. The suggestion to
overcome this was to carry out a survey on the terms (anchors) used and to
generalize the results so that a most 'agreeable' scale can be constructed.
The last problem concerning functionality is the problem associated with the rules
used in the knowledge-based expert system, found in the last module of the
system. One of the participants had pointed out his disagreement with these rules.
The snag here can be due to the following reasons:
1.    My interpretation ofthe 'common sense' used by the psychologists during the
previous knowledge acquisition study had not been correct.
2.  The rules or 'common sense' that they had used or were using were not
consistent or not reliable.
3. The knowledge acquisition study conducted had not been thorough and
accurate enough.
4.      For the practising psychologists, there are no fixed rules  to  make a judgment
or assessment on the findings. This can mean that assessment is arbitrary or
that 'common sense' is not shared or not used.
It is not going to be easy to solve this problem. The method of asking the
psychologists to think aloud as they made their assessment had been used for
SOS-1. This think-aloud reasoning was formulated into common sense rules  for
use in the expert system knowledge base. Such rules are at best an estimation of
how the psychologists have reached their conclusions. This method of analyzing
the thinking aloud protocols is popular with knowledge engineers who try to
formulate rules for simulation in expert systems. But it is not a very reliable
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method (please refer to chapter 5 on protocol analysis). It relies on introspections
involving interpretation of the thinking process by the psychologists themselves.
Above all, it is also translated into a verbal form to be communicated to the
researcher and, sad to say, not all parts of the process, especially the intuitive,
implicit and unconscious ones, can be translated at all. The results of the
processes of interpreting, sorting out and translating carried out in this thinking
process can be far from what it really is, or at best it can only be a subset of
what it really is. To achieve better results, the knowledge acquisition process
should be done again and again (with iterations until concerned parties are
satisfied with the rules), and the psychologists should be induced as much as
possible to verbalize their implicit thoughts. Thereafter, the rules should be
formulated together with the psychologists and tested by letting the knowledge
base program run and make conclusions. Subsequently, these conclusions should
be compared with those made by the psychologists on the same case.
9.6.3 User-interface Problems
Initially, there had been many interface problems, mostly minor ones and the
majority of them had been corrected. I will only list the more general and
important problems here.
The general remark about the usability of SOS-1 was that it was not flexible
enough. This referred to the fact that many stages of SOS-1  were not reversible.
In some stages, when a mistake was made during input, it could not be corrected
without leaving the existing screen and without having to start all over again. In
other stages, the screen display was not user-friendly enough. Much more could
be done to make SOS-1 user-friendly. The facilities for explanations and help
were minimal. Though the participants in this pilot study got along quite well
without them, SOS-1 was still very much a rough approximate of what it could
be in terms of user-friendliness.
Another complaint was the inflexibility of SOS-1  as it compelled the participants
to choose an exact number of criteria, person characteristics and instruments.
Though the participants could in principle choose, for example, 3 instead of 4
characteristics, they had to fill in the last characteristic, copying a previously
chosen one to make up the number of 4 chosen characteristics. By doing this,  the
overall calculation in SOS-1 would be inaccurate as the characteristics chosen
twice were doubly weighted or given double the attention it deserved, contrary
to what was intended.
9.7 CONCLUSION
The results of the pilot-test were rather negative. Although there were some
positive points, functional problems were too big to ignore. Many problems were
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fundamental and crucial to the acceptance and viability of the system. They are,
for instance, the difficulties with the SEU model, the participants' disagreement
with the rules in the knowledge base, the large internal memory needed from the
potential users' personal computers to process the whole system, the slow and
tedious process of working through the selection process with the system and so
on. All these had to be solved before the system could be considered satisfactory.
The causes of the problems had to been found. An evaluation of the whole design
and development process of SOS-1 were carried out.  This will be reported in the
following chapter.
Revision of the design method: the UPDA method
10.1 INTRODUCTION
The pilot-test had yielded disappointing results. Though structural problems could
be corrected in the existing form of SOS-1, functional problems were more
difficult to correct. In this chapter, causes of these problems will be discussed
and the conclusion (that there were defects in the design process) which had been
drawn will be brought up here too. Following, the evaluation of the SADT
method used for designing SOS-1  will be recounted. The rest of the chapter will
be devoted to describing and discussing a new design method, the UPDA
method, which has been used for designing the second version of the system.
10.2 FINDING CAUSES FOR THE PROBLEMS IN SOS-1
All in all, SOS-1 was found to be good enough for experimental purposes or even
for teaching students and initiating the trainees and apprentices into the world of
personnel selection. But for application purposes, its problems had to be solved.
We had seen the inadequacies and the problems of SOS- 1 detected during the
pilot-test study. Based on the findings of this study, the search for the possible
causes of the various problems began. An evaluation of the design and
development process of SOS-1 was carried out. Structurally, SOS-1 was
compatible with the practice of personnel selection, though there were minor
problems. Hence, the modified semi-clinical model seemed to be adequate and
good enough for giving the right structure to SOS-1.  Nevertheless,  functionally,
SOS-1 had generally failed and the catises for such a failure should be traced.
Some of the areas to look at to identify the causes of these problems were:
1. Problems found in the software shell system (GURU), its facilities and so
forth. It had probably caused some of the user-interface's problems.
2.  Theories on personnel selection in general and the modified semi-clinical
model on which SOS-1 is based. The models adopted in SOS-1 should be
examined and they should be compared to personnel selection in practice.
3. Knowledge acquisition process for the expert systems should be examined.
It might have caused some functiotial problems.
4.   The potential users should be consulted again. The problems might have been
buried through consensus and compromises made before the pilot-test study.
5.   The SOR should be checked and counter-checked and the following questions
should be answered:
a.    Have all the requirements listed as essentials been realised?
b.    Can they all be realised for SOS-1?
c.    Should they be modified?
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d.     Can some of them be eliminated?
The results of the search for the causes of the problems were as follows:
1.    The capacities of GURU shell-system are large and it is a very flexible shell
system. Many of the problems which can be due to the development process
(using GURU) are not caused by GURU itself. I, as the developer, have to
take the blame for not having enough experience in using GURU for
developing a KB-DSS and for not being careful enough to avoid mistakes.
2.  Structurally, it has been found that SOS-1 is compatible with the selection
process in practice. Hence, there should be no complaints about the models
in SOS-1 and the semi-clinical model on which it is based should be
applauded. The exception is the SEU model and instructions and training
should be provided to help the psychologists understand the principles of
utility theories and models.
3.  The rules in the knowledge base should be re-examined and the knowledge
acquisition process should be carried out again in order to weed out unsound
rules and to include more appropriate ones. Using the method of testing cases
randomly, the expert systems with their the knowledge bases (in SOS-1) had
been tested on giving sound answers and appropriate output. Although such
testing had been carried out at each stage of the development life cycle (i.e.
at the completion of each module), the testing on the knowledge bases using
random case testing was not good enough.
4. Potential users especially members from the supervisory groups should be
consulted again on the requirements of the system.  One of the main problem
found is the non-fulfilment of many of the requirements and specifications of
the users which were listed out in the SOR. It means that verification had not
been carried out, and it was especially not properly done during every stage
of the development life-cycle.
In general, the causes of the problems can be summarized under two important
points:
(1).      Despite the fact that the set of requirements (SOR) was clearly set out in
black and white, and that a prototype had been developed to help in the
design process, not all the requirements had been implemented as was
agreed upon; some had been left out purposely and some had just been
overlooked and some had been misinterpreted by the designer (myself)
since the translation of the requirements from words to the design flow-
charts involved further interpretation and assessment. As designer, Imyself had to take most part of the blame. Nevertheless, a better design
process would have spared me many of the problems encountered in SOS-
1.
(2). Despite the fact that the SOR was deemed adequate before the
development of the system, with hindsight and after viewing the system,
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the users and ourselves saw many flaws and inadequacies in the system.
Requirements had not been adequately formulated; some requirements
could not and had not been actually formulated in words; some were
actually redundant, not required or were unnecessary. Some, we had not
even thought of before but they loomed huge and imperative when the
system was tested.
In conclusion, the design process seems to be at fault. It had not catered for
smooth translation of the SOR into the technical design of SOS- 1. It had also not
invited enough participation from the potential users in the design process and
when the system was demonstrated to them, dissatisfaction was the result.
10.3 EVALUATION OF SADT
Since the problems of SOS-1 arise mostly from the design process, I started out
by re-examining the Structured Analysis and Design Technique (SADT) method
which had been used for designing SOS-1 (see De Marco, 1978). As had been
mentioned earlier, besides its advantages over earlier design methods, it has many
disadvantages too. Following, is a list of the disadvantages of the SADT method
in general:
1.   It has no temporal sequence.
2.   As a whole, it is still not an adequately powerful method for communication
between the designers and users, especially with users without a technical
background. Communication between the users and the designer is more a
consultation process. Real users' participation remains an ideal. At most, it
can be used for consultation purposes between the designers and users;
participation is not possible because of the more technical nature of the
method.
3.      Maintenance  of the system  is  not  easy and evaluation  o f the system  is  also
difficult to carry out.
4.  It is not easy to use the Data-Flow Diagrams (DFD) to help users to make
explicit their requirements and specifications for the user interface.
Let us now look at the possible causes of the defects of this method. I have
identified two of them. They are namely:
1.   Not enough participation from the users in the design process. Previously,
as in most design process, future users were only asked to specify require-
ments or make decisions on various aspects of the systems. Making decisions
and formulating specifications for the system are important but they are not
enough. The users should have more influence on the design i.e. should be
co-designers.  It is up to us to define how the users can be effective partners
without requiring them to learn the nitty-gritty work of developing computer
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systems and to enter the 'awfully technical' world of computer science.
2. No feasible accountability, since users are not familiar with the
predominantly technical design and hence cannot refer to the designs and ask
questions or point out inconsistencies and misinterpretations. This leads to
inadequate transparency in the whole design process (Frese, 1987). By this
we mean that, all verbal discussions and documents specifying how the
system should be or should have, together with the various flow-charts and
programming design charts, are not enough to let the users and even the
designer to envisage or imagine the final system. Hence, when the final
product is presented, evaluated and tested, the discrepancies between the
imagined system and the real system are big.
SOS-1 should be re-designed and re-developed to correct structural and, most
important of all, functional faults. The conclusion from the evaluation study of
SOS-1 called for a different design method.
10.4 NEED FOR A NEW DESIGN METHOD
After consulting the literature on good design methods and after some rounds of
discussions with my colleagues, I decided that the best solution to this problem
was to develop a new method which would minimize the faults mentioned in the
previous chapter. Though some good user-centred design methods were available
at that time, it was difficult to find one that would fit our purpose well. For
instance, Mumford and Weir in 1979 had designed a method which enabled the
requirements of users to be considered during the design and implementation of
new computer systems. Their method is called 'Effective Technical and Human
Implementation of Computer Systems' or 'ETHICS' in short. Hints and
techniques could be obtained from this method, but it was not practical to adopt
it full-scale. This was because it did not cater to all our needs, and because a
large part of it dealt with implementing a system. Other books and literature
which had inspired me towards a new and more user-centred design approach
included: Damodaran, Simpson and Wilson's (1980) book on -Designing Systems
for People'and Galer, Harker and Ziegler's (1992) book on 'Methods and Tools
in User-Centred Design for Information Technology.'   With  the  help  and   co-
operation of some of my colleagues, the Users' Participation and Designers'
Accountability Method (UPDA method) was developed (Koh, Heng and Meijer
1992). Though this method was not yet an ideal user-centred design method, it
was a good enough method for our purposes at that moment. We hoped that it
would make our new version of the system (SOS-2) more accountable and
acceptable to the users, and last but not least which the users could enjoy and
have fun with.
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10.5 FIVE PHASES OF THE UPDA METHOD
The UPDA method was used in the design of SOS-2. The rest of this chapter will
be devoted to describing the full UPDA method. The UPDA method has five
phases. Please refer to figure 10.1.
The five phases are as follows:
1. Conducting a survey and study on the necessity and feasibility of the
proposed system,
2.   Making a study and analysis on the various aspects of the users' work and
their work environment (individual as well as organizational aspects),
3.   Formulating a set of requirements and specifications (SOR) and making it
into a document,
4.  Translating the SOR (from a document) into flow-charts:
a.      Making a coding system which enables checking to be carried out to see
if every requirement has been taken up in the flow-charts. (Developed
by T. Meijer).
b.       Dividing the flow-charts into four types, namely, the system-action flow
chart; the user-action flow-chart, the interface interaction chart and the
screen design chart. (Developed by I. Koh).
c. Using different colour for each types of cards (for paper-prototyping the
four types of charts). This will facilitate the participation of users' in
determining the contents and organization of the contents of the system.
(Developed by M. Heng).
5.   Translating the above flow-charts into the GURU programming flow-charts.
10.6 TRANSLATION OF SOR ONTO CHARTS
The first three phases of the UPDA method are the same as the first few stages
of the design process of SOS-1. Please refer to chapters 7,8 and 9
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NECESSITY + FEASIBILITY STUDY
Beginner's first direct
contact with users and
their views on
the proposed systems
WORK AND ENVIRONMENT ANALYSIS
Designer's direct insight
in the work and work
environment of the users
SET OF REQUIREMENTS FORMULATION
Direct users' participation
in determining what
the system should be
SOR TRANSLATED INTO FLOW CHARTS
Direct checking for
what system should be






for all concerned parties
>     DIFFERENT COLOURS FOR
EACH TYPE OF FLOW-CHARTS
Direct manipulation of
design charts by users
FLOW-CHARTS TRANSLATED
-- INTO GURU PROGRAMMING CHARTS
Figure 10.1 Stages of the UPDA Method
for the description. I will not repeat their descriptions here. Let us now beginwith the fourth phase, the translation of the SOR onto charts.
The SOR is an important and essential document for design purposes. Its useful-
ness, however, depends greatly on the ability of the designer to implement theSOR in a systematic way within the actual design process itself, and not leaving
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it   out   as a strange 'document of relevance'.   What the designer needs   is   a
systematic way ofanalyzing, re-formulating and coding these texts. Meijer (1992)
has developed a technique to do this (Koh, Meijer and Heng, 1992). This fourth
phase of the UPDA method consists of this technique. An example of how the
SOR is translated onto charts will be given in the following chapter. The
technique involves a graphic representation of the system (or a chart) and
codification of all the requirements under the following categories: -Input,
Process and Output'. The codification will ensure  that the chart or representation
containing all the information of the SOR is not lost or overlooked. It will also
enable the designers to check and counter-check them with the four types of flow-
charts named above. The following figure illustrates this function of the SOR.





> * Kind of/Quality      >
> * Interdependencies    >
> * Order(time,space)    >
Figure 10.2 Categories of the SOR
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10.7 FOUR FLOW-CHARTS
Following the translation of the SOR into a chart using codes, four types of flow-
charts are used to represent the actions and procedures of the system as required
by the SOR. These various types of flow-charts depict the actions and procedures
of the system as well as the actions of the users while reacting to and interacting
with the system. They encompass the various aspects of the functionality of the
system. The four charts are:
a. System-actions flow-chart
b. User-actions flow-chart
c. Interactive interface flow-chart
d. Screen-display chart.
The design of the four flow-charts involves active and creative processes and is
most useful to the designer since he can systematically transform the requirements
of the system into graphic representations O.e.  into the flow charts) for the direct
development of the system. When he is translating all the requirements into the
flow-charts, he can also at the same time check whether all the requirements have
been taken up, whether some of them are redundant and so on. It is also easy to
translate these flow-charts into the data-flow diagrams or technical programming
charts of GURU, and developing the system will just become a matter of
programming. Following, I will elaborate on the four charts.
10.7.1 The system-action flow-charts
The system-action flow-charts show, in a chronical and hierarchical order, the
actions and procedures which the system has to carry out. They have operators
such as: shows, retrieves, asks, gets, saves and so on. For example, the system
can begin by retrieving information from the data or knowledge base and then
show it to the users. This is followed by asking the users for a certain response,
either to get something from the users or to get answers indicating the choice of
certain actions. The response of the users, if it is the provision of informative
data, can then be saved or stored in the database. The temporal and sequential
nature of the flow-charts centres upon actions instead of data (as a contrast
to the Data-Flow Diagrams). With logical sequences and simple operators, the
user can follow the steps the system has to go through, and hence, point outwhich steps or actions have been left out or which are undesirable, and so forth.
In addition, each requirement from the SOR, translated into number codes, can
be placed at the identified action of the system so that checking can be done bythe users as well as the designer. Please refer to figure 10.3.
10.7.2 The user-actions flow-charts
The user-actions flow-charts concentrate on the actions which the users have to
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carry out with the system in order to obtain certain results or reach certain goals.
They indicate the number and types of actions the users have to perform before
they can get some results. They have operators such as chooses, gives/types in,
confirms, decides and reads. Most design methods do not have an equivalent of
this. By making explicit the actions of the users at this stage, the users can decide
on their reactions and interactions  with the system.  They can choose, among
alternatives, actions offered by the system. They can decide to include actions,
such as not to take certain actions or to stop interacting with the system at certain
moments, and so on. Please refer to figure 10.4.
JOB ANALYSIS
Gives information on Actions and Results
of this stage
No










Presents Form to modify Job Description
No




Gives message: Fill in Form Again
<
Figure 10.3 System-actions Flow-Charts
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JOB ANALYSIS
Reads information on Actions and Results
of this stage
No
Decides and Answers: Yes/No --  Reads
Information
le.   T
Reads Job Description
T No
Decides and Answers: Yes/No - - Reads
Yes v
Information
2   Reads Form and Fills in Form
T No





Figure 10.4 User-actions Flow-Charts
10.7.3 The interactive interface charts
The interactive interface charts give an overall view of the interaction
between the system and the users. They are a derivation of the first two types of
charts, and provide visual and informative details of what the users and the
systems have to do, as well as how they should interact with one another. They
elaborate on the actions and interactions of the three -actors' involved in the
interactive process, facilitating proper functioning of the system. The three actors
are the users, the interface and the data or knowledge bases of the system. Thesecharts show not just individual actions of the users and the system, but also show
the links between actions and the necessary steps to be taken before a certain
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action can produce result. It is from these types of charts that technical program-
ming charts can be easily derived. Please refer to figure 10.5.
10.7.4 The screen display charts
The screen display charts give in detail the exact words and the organization of
the various procedures which will appear on the screen. Making the screen
display explicit on paper in a systematic way allows the designer to test out his
imagined or implicit designs of the screen. In addition, they allow other people,
especially the users, to have a say in how the screen should look like before the
system is being developed. Following is an example of a screen display chart.
Please refer to figure 10.6.
A whole series of such screen displays designed for the system are drawn onto
charts as illustrated above and in fact during the whole dialogue between designer
and potential users these charts will be used.
Drawing all these four types of simple to understand charts and making explicit
the various phases and aspects of the systems not only allows outside people to
scrutinize and criticize them, it also forces the designer to set down designs
which he can defend or can explain explicitly. He has to account for his designs
and his work. Setting all these charts on paper is just the beginning of inviting
user's participation in the design process. These should be made convenient and
easy for the users to comment on or to change them. Heng (1992) has come up
with the idea of using colour cards to actively let users change the contents of the
charts. Following is an elaboration of how this can promote users' participation.
10.8 COLOUR CARDS FOR USERS' PARTICIPATION
One of the most important aspects of the UPDA method is the transfer of the
charts described above onto coloured file cards,  one type of charts in one colour,
for example, the interactive interface chart in yellow, the screen display chart in
green and so on. The different colours facilitate easy recognition of the types of
cards and thereby the types of activities represented by the charts. These file
cards are shown to the users under their respective headings and in the chronical
order planned for the system. Not more than three actions or parts can be shown
on one card. Too many actions or parts crowded onto one card will defeat the
purpose of trying to make the actions clear to the users so that the cards can be
evaluated, thrown out or new ones can be added. The advantage of using cards
instead of e.g. paper of A4 size is that they are modular and hence
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JOB ANALYSIS
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Figure 10.6 Screen Display Chart
can then be removed or added or manipulated easily. There are more than one
way to use these cards to invite users' participation in the design process.
Through my experience, it is advisable to show novice computer users only the
interactive interface and the screen display cards. The four types of cards would
be too overwhelming and complicating for them. To expert users, or those
already familiar with the design, the design method and the four types of cards
can be presented.  All of the charts as well as the GURU programming charts can
be shown to them if they are computer science literate and technically competent
to understand programming charts. The users are told to look at the cards and
then to critically correct them, literally throwing them out if necessary, adding
new ones in when appropriate, shuffling them, reversing their order and so on.
This gives the users control over what the system should do, how it should be
done and what they themselves want to do and how they should interact with the
system. They can also determine the exact content and organization of what
should appear on the screen.
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In short, the form, the structure and the content of what the system should be,
can be directly decided by the users using this design method. The designer will
first determine the basic design as he deems fit, but the users can point out the
necessary changes in the various charts until they are satisfied with the design
through manipulating the cards. Subsequently, it is the designer's job to modify
the design accordingly and then transform the design into programming charts
and develop a prototype of the system based on these.  It is not intended that the
colour-card paper prototyping should replace the prototype of the system. The
prototype should also be developed and shown to the users and if changes are
needed the colour cards can be used again.
Advantages of this card method to evoke and facilitate users' participation in the
design process seem to be as follows:
(1). It is flexible;
(2).      It is fast, one can shuffle the cards, add or remove some of them quickly.
(3).   It is easy to learn and easy to use; the users can, with a short training
session, participate in the design process.
(4).       It provides a good overview of the to-be developed system thereby making
explicit the designs and plans for the system.
(5).    It is not 'frightening' to the computer illiterate.
(6).   It facilitates the communication process, between the designer and the
users,  and even between the designer and the developer (if they are not the
same person).
10.9 CONCLUSION
UPDA method has specially been developed to eliminate weaknesses found in
SOS-1. It encompasses techniques which we see as lacking in most conventional
design methods and these are such as coding the SOR and checking them in the
flow-charts; using colour charts to enable potential users to help decide the design
of the system and so on. We have used UPDA in re-designing and re-developing
the KB-DSS. The potential of this method is not yet fully realized due to the
short time and limited experience in applying it, nevertheless, the outcomes of
this application are promising. More research and applications should be carried
out to test its viability and to discover its shortcomings. The following chapter
will describe the design and development of SOS-2 using the UPDA method.
Design of SOS-2
11.1 INTRODUCTION
This chapter will describe the design and development of the second version of
the system, SOS-2. The UPDA method has been used for the design process and
how it has been applied will be discussed in the next section. Following, the
structures of SOS-2 and how it differs from SOS-1 will be brought up.
11.2 DESIGN OF SOS-2
The first three phases of the UPDA method are the following:
1.      Conducting a survey and study    on the necessity and feasibility    of   the
proposed system;
2.   Making a study and analysis on the various aspects of the users' work and
their work environment (individual as well as organizational aspects);
3.   Formulating a set of requirements and specifications (SOR).
As had been mentioned in the previous chapter, these three phases had actually
been carried out during the design process of SOS-1. SOS-2 could use the
findings of these three phases from the design process of SOS-1. Hence, it was
not necessary to go through them again in this chapter. The design and
development of SOS-2 began from phase four of the UPDA method. Phase four
consists of translating the SOR into codable forms so that they can be represented
in the subsequent flow-charts which are namely: System-actions flow-chart, User-
actions flow-chart, Interactive interface flow-chart, Screen-display chart.
11.2.1   Codifying the SOR
The SOR for the KB-DSS was categorized into six sections according to its
functions and these are: (please refer to the SOR presented in chapter 8)
1. General Points (GP)
2.  Job Analysis and Criteria (JAC)
3.      Characteristics and Instruments  (Cl)
4.  Findings and Prognosis (FP)
5.   Determination of Utility Values and Decision Making (DDM)
6.  Conclusion and Advice (CA)
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For the purpose of coding the various requirements within these sections, the
SOR was divided into the categories:
1.  Input                  OD
2. Process       (P)
3.    Function/Output                   (F)
4. General specification     (S)
For instance, from chapter 8 within the SOR under Job Analysis, there is the
requirement: *The option here is to allow the user to choose maximum, five
criteria...' This requirement was codified under Job Analysis and Criteria as
'JAC' and since it called for an input (I) and was the first under the category, its
full  code was: JAC-Il.
Following is an illustration of how the SOR has been divided into the three
categories of input, process and function. It also shows the codes which are
attached  to  them.
(JAC = Job Analysis and Criteria; I = Input; P = Process; F = Function; S =
General Specification).
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INPUT PROCESS      :      OUTPUT/FUNCTION
(JAC-Pl) Each client (JAC-Fl) 5 crit.





11== characteristics corr. under job
to criteria. description is
given
(JAC-I2) User -
can add or change






(JAC-I4) Assign (JAC-P4) Criteria (JAC-F3) Criteria
weights to ====to be given weights =====with weights
criteria. with respect to each given to them.
other.
(JAC-IS) Assign (JAC-F4) Criteria
utility values ===== - with utility
to criteria values.
General Specfication:
JAC-S 1 : When criteria are added, the user should know that not more than
five  criteria  can  be  used.
JAC-S2 : Weights of the criteria should be shown at every relevant moments.
Figure 11.1 Three Categories of the SOR
When the flow-charts were drawn, the codes of each item of the SOR were put
in the charts where they should belong.  At the end of designing the flow-charts,
these were checked with the SOR. If some of the items (in codes) of the SOR
were missing, then the flow charts were modified and redesigned. Checking
continued until all the items of the SOR were found in the flow-charts. There
were also certain items in the SOR especially those desirable (W) and not
necessary (NN) which were left out purposely. This was due to the following two
reasons:
1.   Not too much time had been given for developing the system, so not all the
requirements could be taken up, mostly essential and important requirements
were included in the system.
2.  Due to the small capacity of PC's used by the selection psychologists (in
1990) the system could not be too big. Too many modules would require
much more capacity and flexibility.
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11.2.2 Flow-charts
The full discussion on the UPDA method and the development of SOS-2 using
this method is elaborated in an article. Please refer to Koh and Heng (1994).
Here, I will give an illustration of how the flow-charts of SOS-2 have been
designed and organized using the UPDA method.  Let us take the example of the
first module on Job Analysis. Following is a simplified version of the four types
of charts  for this module. Please refer to figure  11.2.
After designing these flow-charts, they were shown to the potential users for
comments and suggestions. Although, all four types of charts were shown to
them, most of them preferred to look through the screen-display cards only as
they were most easily understood. Since SOS-2 is not a new system but the
second version of an already developed system, relatively less drastic changes
were suggested by the potential users while they were going through the cards.
After checking the coded items of the SOR in the charts and considering new
points brought up by the potential users, decisions were made on how essential
they were for the system and how many of them could be included in SOS-2.
After that, GURU-programming charts were designed based upon the adapted
flow-charts and SOS-2 was developed.
11.3 STRUCTURE OF SOS-2
SOS-2 has a structure similar to SOS-1 but many of the functional as well as
structural problems encountered in SOS-1 are tackled in SOS-2. In addition, as
mentioned above, some points brought up by potential users during the design
process of SOS-2 using the flow-charts of the UPDA method were also taken into
account. Certain of the features for SOS-2 brought up by the potential users
include:
1.      To   have an extra module within the system for comparing   two or three
candidates who are vying for the same job;
2.    To have fixed lists of criteria for the various jobs stored in the data-base. To
allow users to change these lists but the adapted lists will be stored under
different names in the data base.
3.      To   allow each bureau   to   have    its own category   and   list of operational
predictors, and also its own list of conceptual predictors (person
characteristics).
4.   To store the chosen criteria for the job in the data base for future use when
another selection process for the same job is required.
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accepted. criteria. ...
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criteria. Do you want
to change
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11                                               11
Figure 11.2 Four Types of Charts for Job Analysis
5.      To  store  in the database the chosen weights  for the criteria  of the  same job
for future use.
6.    To give advice on criteria for a job, advice for types of instruments for the
various person characteristics and so on.
Points 1 ,2 and 3 are present in the SOR but for some reasons had been left out
by the designer in SOS-1. Points 4,5 and 6 are new and will be considered
included  in SOS-2. Table  11.1  depicts the structure  of SOS-2.
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Table 11.1 Structure of SOS-2
Numbers Names of the stages in SOS-1
1.               INTRODUCTION AND MAIN MENU
2.               JOB ANALYSIS
3.                                    CHOICE OF PERSON CHARACTERISTICS  OR
CONCEPTUAL PREDICTORS
4.                 CHOICE OF OPERATIONAL PREDICTORS OR
INSTRUMENTS AND TESTS
5.                  FILLING-IN THE RESULTS OR FINDING
6.                     PROGNOSIS
7. DECISION MAKING
8.                 THE WHOLE SELECTION PROCESS
9. DIVERSE POSSIBILITIES
The following aspects of SOS-2 are not found in SOS-1:
1.  An additional stage, stage 9 was added. It offered the users several diverse
facilities such as comparing the findings of two or three candidates and
giving the users a chance to experiment with the prognosis and decision-
making models (sensitivity analysis) and so on. By offering users the
opportunity to experiment or play with formal models (especially the utility
model) used in the system, learning through experiment and feedback was
possible. In this way they can, for example, see the different results obtained
for the conclusion when different utility values are used. It is also an
immediate feedback mechanism which helps the users to decide the scope or
range on which their conclusions can be based.
2.   Stage 2 was expanded. Instead ofjust determining the criteria for the job, it
also included a sub-stage on analyzing other factors affecting the job such as
organizational factors, working conditions, the work environment and so on.
In addition, the determination of the utility value for each chosen criterium
was brought forward here. This utility value will be used in stage 7, the
decision making stage.
3.    Included in Stage 4 was a long list of instruments and tests, not in the form
of general categories but in a very specific form consisting of names of all
the necessary tests and other operational predictors which the psychologists
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of each bureau will use.
4. Many parts of the various modules were 'automatized'. Instead of having to
fill in the information, the psychologists were asked to approve the value or
information offered by the system. For example, the prognosis (determining
the chances of success for future performance of the candidate based on the
findings from the operational predictors) was 'automated'; the averaging of
findings or results  for each conceptual predictor  was also 'automated'.
5.     To   solve the problem of different terminologies   used for describing   the
findings or results of the tests, one of my colleagues and I (P. Neervoort)
conducted a small experiment. We made a list of all of the evaluative terms
which could be used and approached 17 persons (most of them psychologists)
with the request to place these terms on a matrix scale. (Please refer to
Appendix 4 for the matrix scale). When we analyzed the positions of the
terms, we discovered many overlapping of the terms and much ambiguity and
vagueness. In general, terms like Zeer Goed, Goed, Redelijk, Twijfelachtig
and Slecht (English equivalents are: Very good, Good, Reasonable, Doubtful,
Bad) are better defined and do not overlap with each other. The first 4 of
these terms seemed usable and acceptable to the psychologists. But the last
term 'slecht' (bad) was not a popular term with the selection psychologists
since such a term is relatively very subjective. And even human judges' like
the psychologists themselves cannot and should never claim to judge a person
as 'bad' in any particular area especially only after a short period of
interaction with the person. In short, the psychologists found it too harsh and
subjectively condemning to use the term 'slecht'. With all these in mind, the
following scale for SOS-2 was used:
Goed, Redelijk, Matig, Zwak
(Good, Reasonable, So so, Weak)
6.  The rules of the knowledge base liad been re-examined and were altered
according to the thinking-aloud protocols of two of the selection
psychologists. These rules were first formulated and then presented to the
psychologists for discussion and approval. After they had agreed on the rules,
these rules were then adopted in the knowledge base. Note: They are and still
remain the *common sense' rules of these two psychologists. It is very likely
that the common sense rules of other psychologists are different.
7.   The user-interface was improved. For instance, reversibility is now possible.
The potential user can at any moment asks the system for help, stop the
session, go back to other previous stages, save and print relevant stages of
the system and so on.
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11.4 CONCLUSION
Using the UPDA method, the potential users were asked to help design SOS-2
by examining the flow-charts (especially the screen-display cards). Their
reactions to the cards were positive. Many of them expressed the opinion that
they could envisage how the system would be and what it could do as they
examined the various cards shown to them. In our case, the UPDA method was
only applied for the re-design of the system and it was only used for phases 4,
5 and 6 of the design of the system. Using the UPDA method for the re-design
process of our system means that the first version of the system was already
available and that the users as well as the designer already had some concrete
ideas on how the system should and could work. Although we think that UPDA
is a method for designing new tools as well as re-designing existing tools or
systems, we need to test it for the design of a new tool or system. The feedback
from the potential users and my own experience revealed certain advantages of
the method. They are as follows:
1.      The anxiety level  of the users as contributors  to the design process  can  be
reduced. The awe surrounding designing work especially designing computer
systems  can be lifted. The users can easily ask questions about  how  the
system has worked out certain processes or how it has achieved certain goals.
The design process and the to-be developed system can become more
understandable to the users.
2.  It facilitates or makes it easier for the users to participate and to make
decisions during the design process.
3.  The knowledge threshold is lower for the users.
4.  It provides easy channels for the users and the developers to communicate
with each other in an effective way.
5.   It gives a temporal sequence to the whole process of designing the system.
6. This design method involves an iterative process whereby the users can have
control over the designing process. They can decide on the duration and
depth of the process, eg. they can curtail the design process by declaring to
be satisfied with the cards and the prototype at a certain moment. They can
also decide on the extent they want to have a say in the functions and
structure of the system. Some users can choose to be less critical, they can
skip some cards, or skip some types of cards thereby leaving alternatives
open to the designers. Others can opt to discuss every aspects of the system,
examining as many cards as possible, and so on. This control over the design
process ultimately will lead to more control of the users over the system as
a whole  when it is developed  and  used.
7.   The willingness to actually implement the system is likely to be much higher,
since the users themselves co-designed the system.
8.    The process of designing the four types of flow-charts helps the designer to
systematically (starting from simple chart design to complicated ones)
translate the requirements starting from simple system's actions (such as
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gives information) to its more complicated parts such as charts on users'
action (reads information), the interactive interface (synchronizing the
system's and user's actions) and on how the information should be presented
to the user on the screen display charts.
After the design process, SOS-2 took three months to be developed and thereafter
the evaluation began. The following chapter will describe how the evaluation was
carried out and will discuss the results too.
Evaluation of SOS-2
12.1 INTRODUCTION
We have now reached the final stage of our project, the evaluation of the system
which had been built to support the work of the selection psychologists. The
constraints and problems facing the evaluation will be discussed at the beginning
of this chapter. Next, the aims, structures and procedures of the evaluation will
be elaborated. Following the results and findings of the evaluation will be
reported and discussed.
12.2 CONSTRAINTS AND PROBLEMS OF THE EVALUATION - NON SAMPLE,
SMALL SCALE FIELD TESr
Right at the beginning, it was decided that due to lack of time and resources, a
thorough and extensive evaluation of the system would not be feasible. Similarly,
due to the short duration of the project, thorough validation and reliability testing
could not be carried out. A period of only three months had been allocated for
the field test. The system under discussion here is not just a normal software
system but a knowledge-based decision support system, containing conventional
management software parts as well as knowledge bases. The combination of the
two makes SOS-2 a unique system which entails complications when it comes to
assessing its quality and validity. This project had not been actually planned for
such an evaluation. I can only hope that a follow-up of the project is possible and
a proper evaluation (as science advocates) can be done. Hence, the evaluation for
the system within this project had to be limited. In addition, due to constraints
faced by participants of the project within their organizations, it was not possible
to have a proper general field test in which all the psychologists of the three
bureaus can participate. Even a sample-based field test was not possible because
of considerations of workload and the voluntary nature of participation in the
field test. Above all, the consultant bureaus could not offer extended co-operation
due to their own financial and time constraints. The psychologists were only
allowed to participate in the field test under the conditions that not many cases
would be involved (not more than 5 for each psychologisO and that not too muchtime would be taken up so that their work would not be disrupted. The
psychologists were not chosen, but were asked to volunteer for the test and this
made the choosing of a random sample for the test impossible.  What was certain
was that the majority of the voluntary participants had at least a few years of
working experience in their field. Their common characteristics were their
relative non-aversion to working with a computer while carrying out their clinicalwork and their willingness to sacrifice part of their time to interact with the
system.
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12.3 AIMS OF FIELD TEST AND GROUP EVALUATION
Due to the various constraints of the project discussed above, we decided to
evaluate the system with a small field test and a group evaluation conducted with
the participants using the SOR as the basis. Strictly speaking, the test should not
be called a field test but rather a series of case-study tests.
The aim of the field test is to test the applicability of SOS-2 in the field in terms
of structural compatibility, usability, functionality and the amount of support (or
added value) which the system will give to the selection process. The amount of
support is to be interpreted here as how much improvement or enhancement of
the working methods and procedures of the selection psychologists the system can
help to bring about.
The group evaluation intends to find out how SOS-2 fares in accordance to the
constraints, specifications and requirements as listed out in the SOR. Finally, it
is hoped that the two evaluation procedures will help us to gauge how much a
computerized support system can help to support the work of the selection
psychologists. It should help us to gauge how appropriate or useful it is for SOS-
2 to act as a medium to bring science and technology to the practice of personnel
selection.
12.4 A SMALLL FIELD TEST
The field test has been carried out at the three bureaus in the autumn of 1992.
Altogether, seven psychologists participated and, in total, more than twenty real
cases of candidates was used. Working with real cases means that the participants
had to work with the system as he carried out his work. He was required to start
the day by switching on the computer and calling up the system and then working
with the computer as he went through his daily case work. The field test
stipulated that the psychologists had to use the system throughout their assessment
work,  that is, right up to the report to the client on their judgment or assessment
conclusions. After having used the system for the whole duration of their work,
the psychologist had to fill in an evaluation form. Since the system still has
defects, particularly in the user-interface parts and was therefore not very user-
friendly yet, I was present during the test conducted at the first two bureaus. I
usually began by giving a short explanation to the participants on how the system
worked. Following, the participants started the system and I made myself
available during the whole period to answer questions and inquiries put forth by
the participants. When a mistake was made (either by the system or the
participants) I would correct it immediately. All in all, the participants in these
bureaus were given support in their interaction with the system. The last bureau
preferred to work on its own, whenever time permitted, and the system was set
up in their office for the duration of two months. Two of the psychologists used
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the system and on the whole they had not run into serious hitches and hence did
not need any external support. Following, I will describe briefly how the test has
been carried out and how the system has been used during the assessment
process.
12.4.1 Methods
At the beginning of the selection session with a real candidate (usually in the
morning), the psychologist first read the biography or information about the
candidate. He then started the system (SOS-2) and began with the job analysis as
well as the prediction preparation stages. First, he was given the option of
choosing or filling in details on the job description and on organizational
characteristics. Most important of all, he had to choose criteria for the job and
to decide on utility values for each of them. For the second stage, he had to
choose person characteristics (of the candidate) for each criterium. Subsequently,
he had to choose at least one instrument for each characteristic. After that, the
file on the candidate was saved, and the system was shut down, while the
psychologist interviewed the candidate and waited for the results of the
psychometric tests which the candidate was required to do. Around mid-
afternoon, the results were usually ready and after the psychologist had examined
them, he started the system again, called up his file and continued with his
interaction with the system. He filled in the scores of the candidate for each test
and subsequently, gave an expectation or made a score-based prognosis of the
candidate's future performance. This was done, first, by using descriptive terms
such as 'very successful' and *little success' and so on. Secondly, he was asked
to translate these into percentages, predicting the subjective estimated chances of
successful performance of the candidate in the future.  Next, the system calculated
the total expected utility value of the candidate for this job and gave an advice on
whether he should be rejected or accepted. The advice came from the expert
system which had been built into the system. In the meantime, the psychologist
had also made his own judgment after having interviewed the candidate and after
having examined his test scores. He then compared this with the advice from the
system. Finally, the psychologist was asked to fill in an evaluation form which
required him to evaluate the system in general and other various specific aspects
in particular. Please refer to Appendix 5 for the full Dutch version of the
evaluation form.
The evaluation form consists of the following types of questions asked:
1.      Questions on whether the users understand the structures and organization  of
the system,
2.  Questions on the quality of the advice or conclusion which the system
generates,
3.   Questions on the amount of support the system has given to their work,
4.  Questions on the interaction between them and the system, whether they
139
know how to interact with the systeni and so on,
5.  Questions on whether the system has helped them to learn.
6. Open questions on problems which they may have encountered with the
system, constraints, missing functions and structures in the system and so on.
To get an idea of how the results of the evaluation of the system can be analyzed,
the evaluation form is reproduced in English (translated from Dutch) below:
Al. Structure
Do you understand the various modules and sub-modules of the system and
how they are ordered within the system? Are all these clear to you?
1 1                                                                            1
0                  5                 10
Do not understand Understand
very well
1 1                                                                            1
0                  5                 10
Not clear Very clear
A2. Result
1.    What do you think of the quality of the advice and conclusion?
<1 1  1
0             5              10
Not good Reasonable Good
2.  Does the advice support your own conclusion?   y/n
Answer : y/n? . Degree of support?
1 1                                                                            1
0                 5                10





Bl.    Has the system given you support for your work?
1 1
0                 5                10
No support A lot of support
On carrying out the tasks:
How far has the system helped you in:
1.   Structuring of information on the job:
1 It
0                  5                 10
2.    Putting the job's information together:
1 1
0                  5                 10
3.   Obtaining an image of the candidate:
(i). Characteristics 1------1------1
0          10
(ii). For future performance 1------   ---  -- 1
0         10
(iii). Judgment on suitability 1------1-...I-.-1
0         10
(iv). Formulating the conclusion 1---I--1----I.1
0         10
(v).   Conveying the advice to client      1 ------1 ------ 1
0         10
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(vi).  Carrying out the end-interview      1----- 1           1
0         10
(Vii). Maintaining documentation      1 ---- 1 ---
0         10
4.   Did you miss certain forms of support?
Answer: y/n?
If yes: what are they?
B2.     Quality of System's Interface
ASPECTS CLARITY VALUE
1.What are they for?                       -   ------                               -------------- 1
2.What you  can do                    --- ----   ---                                            -     - ---- 1
with them?
3.How to use them?
4.How they work?
a.Modules                  1                1              1
b.Input of data 1------- ./ - I...0-1                - -- --- ./
c.Using advices
(default data)                ---  - ---------                 -- ------------
d.Function keys
e.Faults or corrections                                            ---  -    -
C. Learning effects
1.    Did the system enhance you work procedures?
Answer: y/n?
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2.  Did you learn something from the system?
Answer: y/n?
If yes, please give a short description here : (why?)
3.   Did the system provide a value-added element to your work?
Answer: y/n?
D. Constraints
Below, will you describe the constraints, the obstacles, problems (e.g. problems
when using the system) etc. of the system, as well as certain things that you have





From the answers given in the evaluation forms, a general picture can be
discerned of the attitudes, opinions and feelings of the psychologists about the
system. The evaluation will be examined according to the following points:
1.      the system's structural compatibility
2.    the functionality of the system
3.  the support which the system gives (general)
4.  the support which the system gives has helped to improve their working
methods and procedures
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5.  the user-friendliness aspects.
Structural Compatibility
The pilot-test study on SOS-1 had shown two structural problems concerning the
compatibility of the system with the work procedure of the practising psycho-
logists. The problem regarding the determination of utility values during the late
stage of decision making was solved by shifting it up to the job analysis stage in
SOS-2. This seemed quite satisfactory to the participants during the field test of
SOS-2.
The problem of the cut-off point was solved by fixing it at zero for the whole
job, and not a positive or negative value for each criterium. This seemed to
present little problems to the participants of the evaluation on SOS-2.
No direct questions were asked on the structural compatibility of SOS-2 in the
evaluation form of the field test. This was because SOS-2 is an improvement on
SOS-1  and all basic structural parts of SOS-1  were incorporated into SOS-2, and
the evaluation of SOS-1 on structural compatibility was good.  Nevertheless, from
the general comments which the participants had given at the end of the
evaluation form, it can be concluded that SOS-2 is structurally compatible to the
selection process in the field with the exceptions of the following points:
1.   Most of the participants were still not familiar with the SEU model. It had
been difficult for them to determine the utility values. Hence, it was difficult
to use the SEU model.
2.    Many of the participants complained about the amount of information which
they had to fill-in  to work with the system.  It  had been tedious and laborious
for  them.
3. Some complained that not enough 'extra's' were provided. For instance, no
formal prediction model had been provided (this was left out since it was not
part of the semi-clinical model and since there was not enough time to
develop it as another module of the system).
For point 1,  it is inevitable that with the introduction of something new, problems
and difficulties will arise. The aim of the project had not been to build a system
which is structurally synonymous with the practice of selection process.  It was
intended to introduce new and more difficult processes derived from the theory
and methods of personnel selection. Our concern was how to make the adoption
of these new 'structural parts' easy and smooth. A user-friendly and flexible
system will be a first step to achieve this.
For point 2, making explicit all the steps of the selection process had resulted in
asking users to provide a lot of data and information and this had taken up a lot
of their precious time. Though some parts of the system had been 'automated',
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the system was still rather 'slow'. The solution to this is to automate as many of
the processes as possible, such as providing the necessary criteria for the job
(instead of asking the users to choose them  from a list) and then asking the users
to  approve  them.
For point 3, extra's such as a formal prediction model can be included in SOS-2
without much problem but they should be an alternative to the informal prediction
model which is already present in SOS-2. This is to offer the users a chance to
compare informal prediction methods with formal prediction models.
Functionality of SOS-2
About 55 %  (or 4  out  of the 7 numbers  of the participants)  said  that the quality
of the advice (conclusion) given by the system was good while the others said
that it was not so good. This advice from the system came from the conclusion
the system had reached according to the rules set up in its knowledge base.
Support Which the System Gives
About 80% of the psychologists affirmed the positive support the system had
given to their work; 26% rated the support as very good. In specific, support was
mainly cited for the following aspects:
1.      structuring the information on  the job (about 85 % found that such structuring
had been enhanced and about 70% found that it was highly enhanced);
2.  acquiring an impression of the personal characteristics of the candidate
(84%);
3.  judging the suitability of the candidate for the job (approx. 20%);
4. formulating and communicating the conclusion or advice to the client
organization (80%);
5. keeping proper documentation and records (all 100% thought that record
keeping was enhanced and about   60 % thought   that it would be highly
enhanced).
In general, less support was cited for helping the psychologist to get an
impression of the candidate for his future performance on the job. This was
derived from the answers to the question: 'How far does the system help you to
get an impression of the candidate for his future work performance (or
functioning capacity)?' (see the above evaluation form). This question was askedto gauge if the system supports the more subjective assessment process of the
psychologist (Gaining an impression of the candidate is assumed to be derived
more through reading information on the candidate and direct contact with the
candidate during the interview).
The negative answer to this question can mean that the system is quite weak in
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helping the psychologist using informal methods (e.g. narrative reasoning) to
predict the future job performance of the candidate. No support from the system
was said to be given for carrying out the concluding talk (nagesprek) with the
candidate when the psychologist had to convey his judgment or assessment
decision to the candidate. SOS-2 has not been structured to help in this aspect.
Learning Aspects
About 70% claimed that they had learned something from the system. Only 30%
thought that the system had helped them to improve their way of carrying out
their work. When asked what they had learned from the system, the following
points were given:
1.  To work in a more systematic way.
2.  To think more systematically.
3.   To be more structured and to separate all steps or procedures from each other
in an orderly way.
4.   To be aware of the application of theories within the selection process.
5.     To be aware of carrying out job analysis in a systematic way,  that is, to learn
the importance of choosing criteria explicitly for the job.
6.   To be aware of the importance of attaching weights to the chosen criteria.
7.   To emphasize certain steps or procedures which will otherwise be lost in the
implicit reasoning process.
From the above, it seems that many have learned something from the system
which can help them to improve their way of carrying out their work in the
future.
User-Friendliness Aspects
The answers to the questions (in section B2) on 'what are the various functions
of the system?' and 'What can you do with them?' were all positive. So far, all
the psychologists involved in the test knew, in theory, what the system would do
and what they could do with it. Nevertheless, when they were asked whether they
knew how the system in practice really worked, only about 50% was positive
about knowing how it worked and how they could use it. (About 4 out of the 7
members froin this group was very satisfied about this). Following the general
questions on this aspect, the psychologists were asked, in specific, to grade 5
user-friendliness factors. These are:
1.   How the modules work;
2.   How to fill in data or answer questions required by the system;
3.   How to make use of the default values or how to get default values;
4.  How the function keys work;
5.  How to correct mistakes e.g. typing error or input error and so on.
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About 40% was positive about all these five user-friendliness factors. About 30%
was rather negative about all of them. The rest (about 30%) varied in their
assessment of these factors. For the latter, the use of default-values seemed to
give them some problems. The filling-in of data (how to fill in the data) and
answers, as well as knowing how the function keys work seemed to present less
problems.
General Problems Cited
The participants were asked in an open question (in section D) to elaborate on
problems, misgivings and obstacles etc. which the system had presented to them.
Following are the problems mentioned by them:
1.  The so-called short and fast route which had been offered as one of the
facilities was not really fast and direct enough.
2.  Too much time was involved in filling in data and information.
3.  Save and print possibilities had not been explored. Many participants were
not sure whether such possibilities really worked.
4. One suggestion for the terminology of the tests' results was: 'Goed,
Behoorlijk, Gemiddeld' (English equivalent: 'Good, Quite Good, Average').
Obviously, the participant who suggested this preferred to leave out
assessment on any results below the average scores.
5. This system presented a rather black and white, discrete way of doing things.
6. Limited numbers of criteria and characteristics were allowed by the system.
7.  System did not really give extra information. It only helped to make the
decision making process explicit.
8.   It was difficult to correct the data or information during run-time.
9.  It was not clear how to go back to previous screens.
10. The meaning of the terms used for person characteristics should not overlap.
11. Determining utility values was difficult.
12. It was considered not practical to fix the number of conceptual predictors at
three.
13. Assigning weights to criteria was subjective. It was the same for determining
utility values.
14. It was difficult to envisage how the total expected utility value was
calculated.
12.5 VERIFICATION
After the field test was completed, the representatives of the bureaus and others
who had participated in the test were invited to come for a group evaluation
session. Four of them were present, and all the bureaus were represented at leastby one psychologist. The group evaluation concentrated on the verification of the
system and the SOR was used as the basis for the evaluation. In addition, a
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general discussion and evaluation of the system was also carried out and was
done according to the following three points:
1.      Functionality or usefulness
2. Learning effect
3.     Usability or user-friendliness
12.5.1 Evaluation according to SOR
The scale used to evaluate the SOR was as follows:
<                        >
- -0+ + +
minus neutral plus
category category category
Figure 12.1 Scale to Evaluate the SOR
There are altogether 65 requirements in the SOR, out of which 37 are listed as
essential  (E)  and  24 as desirable  (D  or  W)  and  the rest  (4)  as not necessary  (NN).
Please refer to Appendix 6 for the results of the evaluation based on the SOR.
According to the opinions of the psychologists who participated in the group
evaluation session, only 32% of essential points in the SOR was fulfilled in the
system. 54% of the essential points fell in the minus category. Under the group
of desirable points, 21% was deemed as fulfilled and 33 %  as unfulfilled. Please
refer to table 12.1.
I had carried out an evaluation of the system based on the SOR myself just
before the group evaluation session took place and the outcome was rosier. 62%
of the essentials was fulfilled and only 27% was not fulfilled. For the desirable
group, about 54% was fulfilled and 29% unfulfilled. Please refer to the figures
enclosed within the brackets in the above table. The discrepancies can be due to
the following causes:
148
Table 12.1 Results of Evaluation of the SOR
Essential Desirable
Fulfilled (plus) 32% (62%) 21% (54%)
Unfulfilled (Minus) 54% (27%) 33% (29%)
Neutral 14% (11%) 46% (17%)
1.    During the field test, due to time constraints, not all of the participants used
all the facilities and parts of the system. Most of them used only one part of
the system which allowed them to work through the whole selection process
smoothly. Only one or two of them had tested some facilities offered by the
system. It was a pity that they had no time (as it had not been allocated to
them) to go through the system a few more rounds (on the same case or with
other cases) so that they could become more familiar with it. It was also
regrettable that no one had any time to 'play' with the system, to experiment
with the system, to test out its flexibility or inflexibility, to gain more
insights into how it works and so on.
2.  Some of the requirements as spelled out in the SOR had been left out
consciously, e.g. the provisions of formal prediction models. This was
largely due to time constraints and to the fact that too many facilities or
additional parts would make the system gigantically big. As it is, the system
can only work on a big (more than 2 MB RAM) internal memory. A too big
system cannot run on the ordinary PC which is what the selection
psychologists normally had (in 1992).
12.5.2 Overall Evaluation of the System
The psychologists involved in the group evaluation were asked to assess the
system in general on the three points mentioned above. Please refer to the
following table for their assessment. The scale used is:
+ +  = very positive;
+   = positive;
0   = average:
-   = negative:
--    = very negative.
A,B.C and D represent the individual psychologists.
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Table 12.2 Overall Assessment of SOS4
A B C D
FUNCTIONALITY             +              0                0                +
LEARNING EFFECT ++    -     +     +
USER-FRIENDLINESS 0- - -
The system scored relatively high on helping the psychologists to learn. It scored
average on the functionality aspect though this was the most important factor
upon which the usefulness of the syste,n should be evaluated. Nevertheless, no
negative point was given for this aspect. Near the end of the evaluation, the
psychologists were asked to give just one score to evaluate the system as a whole
(Total judgment). Please refer table 12.3.
Table 12.3 Total Judgment on SOS-2
A       B        C        D
SYSTEM                +                -                  0                 0
12.6 CONCLUSION
The axe has now fallen. How supportive the system is, how appropriate it is, and
how far it has achieved the aims it has set out to achieve, can be discerned from
the findings presented in this chapter. Conclusions will be made on the failure
and/or success of the project in the following chapter. Recommendations will also
be included as a final round-up of this thesis on the development of a KB-DSS
for the selection process.
Conclusions and recommendations
13.1 INTRODUCTION
What have we achieved in this project? What have we learned? How should we
go from here? This final chapter will discuss the results of the project vis-a-vis
its aims and will make recommendations for further future research and study.
13.2 BRIDGING THE GAP BETWEEN THEORY AND PRACTICE
Firstly, let us look at how far the system has achieved its aims. The system's
foremost aim was to help bridge the gap between theory and practice. As I have
mentioned before, in practice, many bureaus and individual psychologists employ
their own terms, choose their own tests (or test batteries) and their own
procedure of making a prognosis and decision on how suitable the candidate is
for the job. The theories on person characteristics and on the criteria necessary
to assess candidates for a job do not seem to be applied. When the system is used
during the assessment process, the psychologists have to first identify explicitly
the criteria of the job and subsequently align them clearly to person
characteristics of the candidate. Then tests necessary for each person
characteristic have to be identified and the following tests' results are used
explicitly to gauge how far each criterium is likely to be met. Terms used and the
meanings assigned to them have to be made explicit and cannot be modified
easily or arbitrarily. In this way, with the help of the system, the current ways
of assessment carried out by the psychologists can be based more on theories.
This conclusion is backed up by the results of the evaluation of SOS-2. As shown
by the feedback from the participants in the evaluation, there were very positive
reactions from the psychologists with regard to the systematic, logical and more
transparent (explicit) way of making a prognosis which the system had brought
to their working procedure.In addition, according to them, the availability of a
formal decision making model had helped them to apply decision theory in their
practice, though some complaints were still being made on the di fficulty of using
it. They even asked for more theories to be used in the system e.g. some formal
prediction models which the system had not provided. Hence, it can be concluded
that such a decision support system for the psychologists is desirable and, most
important of all, necessary. At least to some degree, the system can and has
shown to be able to bridge the gap between theory and practice in the world of
personnel selection. It provides a solution to the clinical versus statistical problem
as discussed in chapter one. The system can be the bridge spanning across the
two polar ends of theory and practice.
Below,  I will summarize some of the possible achievements of system mentionedby the psychologists in the evaluation:
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1.      the work process   and the whole selection procedure carried   out   by   the
psychologists had become more systematic and logical;
2.   the system had helped the psychologists to link predictors directly to criteria
so that the whole assessment was more objectively based and the whole
selection process could be carried out explicitly and objectively;
3.  it had also helped the psychologists to assign weights to the criteria hence
helping them to make explicit which conceptual predictors (mostly personal
characteristics attached to the criteria) were more important for the
assessment process;
4.   the systematic, compulsory stages which the system forced the psychologists
to go through had helped them to use a selection procedure which is more
scientifically and empirically based:
5.  the system had provided feedback to the psychologists, as well as to their
clients, on the assessment process and on how the judgment had been made;
6.    making the working processes and the various stages of the selection explicit
had also enhanced the accountability of the selection psychologists. The
explicit steps of the process enable others (clients or candidates) to point to
certain parts and direct questions at the psychologist. In this way, the latter
has to account for the way he has made his assessment.
All these points show that the system has brought more of the scientific approach
and mode to the working process and procedure of the professional selection
psychologists. If the system is to be adopted in the practical world of personnel
selection, the time-lag problem between existing theories of personnel selection
and practice is likely to be reduced since there is now a stimulation to use more
up to date theories and knowledge. For the selection psychologists to benefit fully
from using the system, they, first, have to be get some training in how to handle
the system and, most important of all, to be familiar with the models used in the
system, especially the subjective expected utility model.
Nevertheless, in the long run, it is not enough for selection psychologists to
passively use the system. A long term solution to the clinical versus statistical
problem of the selection process is to continually re-train and re-orientate the
selection psychologists working in the field. In this way, they will not only catch
up with the latest technological development in personnel selection, but they can
also contribute towards such development by bringing in their expertise derived
from experience.  In the long term, they can be 'masters'  of both the practical and
theoretical aspects of the selection process. A system such as SOS-2 or SOS-3
(when all the faults of SOS-2 have been corrected) will remain a useful tool to
be manipulated and controlled by the selection psychologists. As ti,ne passes, the
psychologists can, through the application of such a system, devise new
procedures and new methods more appropriate to the new and changing
environment.
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13.3 EFFECTIVENESS AND EFFICIENCY
In general, the system can bring about an improvement in the effectiveness of the
work of the psychologists. But effectiveness does not necessarily mean efficiency.
A lot of the selection psychologist's time has been taken up to use the system in
their work (half an hour for the competent computer users and up to two hours
for the less competent ones), especially at the initial stages when they are not
familiar with the system. Professional psychologists who work in commercial
organizations are hard pressed for time. If they cannot keep up with their work
demands, their companies may face organizational inefficiency, loss of profit and
financial difficulties. In essence, to introduce a computer support system in their
work, this system has to be very easy to work with, it must be very flexible and
generally easy to manipulate.
It is natural that a system designed to introduce new things to its users will not
be, at the beginning stages, smooth-sailing. Nevertheless, the introduction of new
things can be structured in such a way that learning is promoted and the problem
of newness can be less threatening and can be surmountable. In addition, the
system must have a very user-friendly interface, taking into account all the
aspects which the theory of human-computer interaction has advocated such as
transparency, appropriate screen display and so on (see Frese, 1987).
Unfortunately, SOS-2 had been evaluated as not very user-friendly. At the same
time, although a very user friendly design method, the UPDA method, had been
used to design SOS-2, the system was still generally not user-friendly enough to
many of the participants during the field test. However, the UPDA method was
applied rather late, when the first version had already been developed. Thus, its
advantages may not have been fully exploited. The psychologists who were
members of the supervisory group and who had helped to design the system had
to depend on the prototype of the first version most of the time during the design
process. For them, the UPDA method came too late to help in the early and most
important part of the design process.
In addition, SOS-2 had been evaluated as not yet useful in practice since it took
up more working time of the psychologists and it required them to work with a
Systeni based on a model which was not familiar to them. Hence, all in all, in
terms of efficiency SOS-2 is not satisfactory.
SOS-2 had passed the effectiveness test but the demand for efficiency had not
been met. Since SOS-2 is and will still remain an experimental system, itsdeficiencies in user-friendliness and in efficiently supporting the work of the
psychologists can be considered minor problems for this project. Nevertheless,if there is an intention to use SOS-2 as the basis to develop a viable and usable
KB-DSS for the professional psychologists, then the future of this KB-DSSdepends very much on the efforts taken to correct these deficiencies. In addition,more can be done to achieve greater effectiveness so that the system can provide
153
an greater added value to the organization (in terms of enhanced prestige and
financial gains) and to the individuals (in terms of enhancing their
professionalism) who want to use the system.
13.4 LESSONS LEARNED
Generally, many lessons can be learned from the process of carrying out the
whole project. These lessons are not just of benefit to myself and to the selection
psychologists but can also be of interest to the scientific community. For
instance, the results from the study and analysis of the working process and
procedures of the selection psychologists do not just help to determine the design
of the KB-DSS. They can also be of interest to the scientific world of personnel
selection and other related fields, e.g. human judgment and decision making
processes, cognitive science and decision science and so on. Following is a
summary of these findings and the fields which they can be of interest to and the
various lessons which have been learned:
1.  A decision support system can help to enhance the working procedures and
methods of the selection process but by itself it is not enough to bring about
real improvement. The selection psychologists themselves have to undergo
re-training and re-orientation, not just to be able to use the system, but also
to be able to work with models, methods and procedures which are not
familiar to them.
2.    The findings on the general procedures of personnel selection in practice can
contribute towards the descriptive study on the work procedures of selection
psychologists, the planning and structure of their work, and so on.
3.  The findings on the detailed case study on how the psychologists reach
conclusions and make decisions can contribute towards a better understanding
of the processes of human judgment and relative informal and subjective way
of making decisions.
4.    The effectiveness of SOS-2 shows that formal and informal processes can be
combined for the selection process. It also illustrates that models such as the
semi-clinical model are viable and can be applied in practice.
5.     The  demerits  of SADT method found during the design  of SOS-1  can  help
software engineers and computer scientists to be more critical of existing
software design methods.
6.   The creation of a new design method, the UPDA method, is a contribution
to the fields of computer science and human computer interaction. UPDA
takes into consideration participation of the users and accountability of the
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designer and as a whole has much potential to be a responsible, easy to use
(for both designer and users) and flexible design method.
7. The long process of formulating the SOR using the rapid prototyping
approach and the contributions from a representative user group is an
experience worth going through. It gives us insight into the following points:
a.      How a group interacts to come to a consensus and makes decision; how
the members make compromises and negotiate for a deal and so on.
b.  How non-transparent the decisions or agreements can be to the
individual members of the group who have actually made them
themselves. What appears on paper or have been verbalized during the
sessions may not be what the individual member had really wanted or
had imagined to be.
c.  How individual human beings can contradict themselves when the
circumstances change and when they are not aware of the changes.
8.  Professionals who have much experience and skills in their work are very
certain about their subjective judgments and their informal way of making
decisions. Their skills come from the many years of experience working in
the same field. They are 'experts' (as compared to novice) or specialists in
interpreting non-verbal behaviours and in interpreting and combining tests'
results. They are also good in seeing through tricks of the candidates and so
on.
9.    Contrary to many studies and literature on the unreliability of human judges,
my findings point out that they can make balanced, sensible and rational
judgments. Narrative reasoning may not be as objective as physical laws, it
is definitely a systematic and rational way of making judgment. Other types
of reasoning and thinking processes of the psychologists have not been
unraveled yet and though they still remain implicit and are therefore
subjective methods, some of them probably can be studied if appropriate
methods  can be found  (see also section on Recommendation).
13.5 CONCLUSIONS
In conclusion, SOS-2 has passed the effectiveness test but is not efficient and
viable enough for the working selection psychologists. As an experimental
system, it has fared rather well. It has been shown that it can bring theories and
knowledge to professional psychologists. hence bridging the gap between theory
and practice. The semi-clinical model is a simple but powerful model and withexpansion and modifications, it can be the base model of a viable, valid and
reliable system in the future. The study on the working and thinking processesof the selection psychologists has also borne fruits. We now understand more
about the selection procedure in general and about one of the informal judgmental
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processes of the psychologists in particular, i.e. narrative reasoning.
I would like to say that in my view the system has high potential to be an
effective personal support system to the practising selection psychologists.
Nevertheless, in the present competitive world of personnel selection, efficiency
and cost accounting seem to rule the day and that means that introducing anything
new will be difficult, not to say a support system which in the short term can
provide teething problems and can slow down the efficiency of the psychologists.
I hope that professionals, not just the psychologists but also their managers,
would come to realise that a more valid and reliable result of their performance
within the selection process can be achieved by using such a system. The system
can also give a better feedback mechanism for their work and would promote a
more accountable working process. These factors would not only enhance their
professionalism and moral responsibilities but would also provide more financial
gains in the middle and long run. With the results from the evaluation of this
project, a more efficient and an even more effective system can be realised in the
future. What is needed is the will power, support and encouragement from the
right sources.
13.6 RECOMMENDATIONS
From the results of the evaluation of the project,  many good and bad points have
surfaced. To correct the bad points and enhance the good ones, the project should
have a follow-up. It is now time to say what to recommend for future follow-up
projects and future actions or plans. The following points are just some of the
more prominent ones:
1.    Since this system is a personalized support system, not for managers to make
decisions but for professional psychologists to make assessment and
judgment, its design, the design process, the types of data-base and rules in
the knowledge base, its diagnostic components and so forth, have to have
general as well as specific (tailor-made) aspects. SOS-2 has knowledge and
data bases which are more general in nature. It can be built to cater to
individual needs and wishes by having flexible data- and knowledge bases
whose content can be modified, added and subtracted at any moment.
2. As a machine, the system should be able to provide mathematical and
statistical models according to the needs of the individual psychologists. At
present formal models in SOS-2 are limited but it can be expanded to
accommodate many more.
3.     The semi-clinical model on which SOS-2 is based should be further modified
so that it can be more flexible and able to serve the needs of different
individual psychologists as well as different organizations employing them.
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For instance: it can incorporate some formal prediction models; it can also
cater more to the narrative reasoning process of the psychologists;  it can help
the users to choose conceptual predictors for jobs' criteria; it can also help
the users to choose instruments for measuring the conceptual predictors; it
can even help users to do job analysis (choosing criteria), considering
organizational factors, and so on.
4. Most psychologists have commented on the arbitrary way ofdetermining util-
ity values and many have found it not easy to come out with utility values
which they are supposed to assign to criteria for the SEU model.  The SEU
model is a good and powerful model because it incorporates both the
subjective and objective ways of making decisions. However. in practice, it
has its disadvantages. Other more up-to-date decision making models are e.g.
the Dempster and Sheffer's Belief System model, the Bayesian Decision
Theory, the network model, other utility models such as the multi-attribute
model and so on. Some of these may be incorporated into the semi-clinical
model.
5.   The study of the thinking processes and especially the intuitive processes of
the psychologists shows that it is possible to study implicit, informal
reasoning processes. It is a pity that this study is of short duration and more
cannot be unravelled. In the future, with appropriate methods (from the fields
of e.g. cognitive science, neuroscience, philosophy, artificial intelligence,
other fields in psychology and so on) the informal, intuitive and implicit
judgmental processes of the selection psychologists should be subjected to
more rigorous and scientific studies.
6.   The UPDA method has been applied for the second version of the KB-DSS
and its potential has not yet been fully explored. It will be useful to apply it
to design some other systems and then to subject it to a more rigorous
comparative evaluation. More exchanges and discussions on the UPDA
method and its promotion should be carried out. Such a method should not
be left lying on the shelf.
7.  A commercially viable KB-DSS based on SOS-2 can be built. It should be
based upon the expanded version of the semi-clinical model (with more
formal models, flexible knowledge- and data bases, better facilities offered
with explanations and training sessions, more user-friendly utilities, catering
to narrative and if possible other informal judgmental processes and so on).
A tentative design of this viable DSS is already on the table.  I am at present
still refining it. The viable KB-DSS should not be built using any shell
system. It is not commercially viable to do so due to extra financial burden
for potential users and designer and maintenance and servicing support will
create problems too. It is best to build a system using programming language
such  as  C, C+ + , Turbo Pascal  and  so  on.
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8.  An alternative to the commercially viable KB-DSS suggested above is to
build an integrated system which will support not just the selection procedure
but also the various testing and measurement processes. Various
computerized tests and instruments are already in the market. The research
on these computerized tests are being done here, see e.g. Schoonman (1989).
It is not impossible to integrate such validated tests and instruments into the
DSS. In this way, an integrated system for the whole process of personnel
selection can be realised. I can think of many advantages which it will have.
For instance: efficiency can be very much improved; standardization and
normalization for the tests, instruments and methods used in the selection
process can be easier to carry out; and so forth.
From the above we can see that more have to be done to turn such an
experimental system into something applicable and practical to the real world.
But how perfect it can to be and how suitable it has to be, only time can tell. I
have these last words to say to end this thesis:
'Tis a thing impossible, to frame
Conceptions equal to the soul's desires;
And the most difficult of tasks to keep




Appendix 1 - Protocols of case study AB
(protocol.ebl; KUB, 24.8.1991)
Script Analysis of Protocols from interviews and thinking aloud procesess
conducted with AB from Psychotechniek, B.V. on 21.2.89
OPERATORS OBJECTS
State Facts e.g. events, bio-social data, scenes,
assertions (of the candidate)
Restate (repetition of Facts or assertions and explanations of the
statements) candidate
Assert (with assumptions and Implicit inference
no clear basis)
Intend (futuristic) Course of action or actions
Question (action) State of affairs; detail of events or actions;
following events or actions; cause, reasons of
events, state of affairs; personal opinions
and/or feelings
Comment (gives opinion and Events, facts and state of affairs
judgment generally)
Describe (neutral, gives Events, facts and state of affairs
details)
Interpret (using as- Candidate's assertions and explanations; state
sumptions, implicit, not of affairs
neutral, not explicit  nor
factually based)
Infer (with clear, exlicit Statement conclusion; assertion conclusion
basis)
Define Statement conclusion; assertion conclusion
Redefine Statement conclusion; assertion conclusion
Explain (gives reasons) Actions; course of actions; inference;
assertion...
Recollect Statement, revising facts, events, etc. which
are existing
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Memorize Facts, events, state of affairs
Re-arrange Comments, mental formation of meaningful
interpretation of given facts
Formulate Actions; intentions
A. CROSS-EXAMINATION PROTOCOLS
[Right at the beginning of the session, just after EB knew the title of the job;
before she reads the candidate's C.V. and before having any contact with
him.]
Question: Do you have any idea or image on the type of ideal candidate
needed for this job ? (schaderegelaar)
EB101 : Yes, he should have
the following characteristics :
EB102 : Easy to make contact;
EB 102 : able to come out fast
with ideas about situation;
EB102 : analytical;
EB102 : technically good;
EB102 : good with numbers;
EB102: have common sense, can judge;
EB 102 : stable. (pragmatic?) business-like,
can clearly express his opinions:
EB 102 : can organize well;
EB 102 : can work very independently, can
function in diverse situations.
B.             VERBATIM TRANSCRIPT (SCRIPT ANALYSIS): EB200
THINKING- ALOUD PROTOCOLS
[After reading the C.V., biography or selection form of the candidate and
after reading the form on the job: job criteria and description and history and
description of client.]
E8201 : He is 38.
EB202 : His experience - a lot
EB203 : compared to younger ones.
EB204: In one organization, he has worked for 10 years.
EB205 : I will ask him why he leaves.
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EB206 : What are his experiences and
EB207 : why sollicitate for a job in N.N.?
EB208 : He only stayed 2 years in his second job after stepping out
of the first one.
EB209 : Why?
EB210: HTS and WTB, mechanical engineering.
EB211: It's something general within the technical subjects.
EB212 : He has taken too long to finish it.
EB213 : Other diploma - a safety diploma (veiligheid).
EB214 : His work experience - 10 years as safety inspector
EB215 : Black mark on his life because of leaving (overstappen).
EB216 : Why?
EB217 : 2 years as assistant manager up till '88.
EB218 : why does he want to leave?
EB219 : Then 88-89?
EB220 : Not sure what are his tasks here.
EB221 : His reasons for applying -
EB222 : wants more ambulant job, in fact, wants to go back to
veiligheid (technical) job.
EB223 : More flexible?
EB224 : Let's   see...does he satisfy the requirements   of N.N . . . .
(with such experiences?)
PROTOCOL PROTOCOL CONTENT OPERATO OBJECT
NUMmER                     R
AB201 He is 38 State Fact
AB202 His experience - a lot State Fact
AB203 compared to younger ones. Interpret State of affairs
AB204 In one organization, he has State Fact
worked  for 10 years
AB205 l will ask him why he leaves. Intend Course of
action
AB206 What are his experiences ? Question State of affairs
and
AB207 why apply for a job in N.N.? Question Detail of
actions
AB208 He only stayed 2 years in his State Fact
second job after stepping out
of the first one.
AB209 Why? Question Action
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AB210 HTS and WTB, mechanical State Fact
engineering.
AB211 It's something general within State Fact
the technical subjects.
AB212 He has taken too long to Interpret State of affairs
finish it.
AB213 Other diploma - a security State Fact
(safety) diploma.
AB214 His work experience - 10 State Fact
years as safety inspector.
AB215 Black mark on his life Assert Implicit
because of leaving. inference
AB216 Why? (does he leave?) Question Action
AB217 2 years as assistant manager State Fact
up till '88.
AB218 Why does he want to leave? Question Action
AB219 Then '88-'89? Question State of affairs
AB220 Not sure what are his tasks Comment State of affairs
here (as assistant manager).
AB221 His reasons for applying (for Restate Candidate's
the job) - wants (a) more explanations
ambulant job,
AB222 in fact, wants to go back to Restate Candidate's
safety (technical) job. explanations
AB223 More flexible? Interpret Candidate's
explanations
AB224 Let's  see...does he satisfy the Question State of affairs




[Before the interview between the psychologist and the candidate. After
reading the C.V. or biography or selection form]
Research Question: What is your impression or conclusion from all these?
EB301 : How did he landed here?
EB302 : My idea - he wants to go back to
his old job.
EB303 : Qua experience, he seems to be suitable
EB304 : although I don't know yet what sort of
company he has worked for.
EB305 : Married - won't ask too many questions on that.
EB306 : 1988 - he was here for an extensive
(selection) test (onderzoek).
EB307 : His earlier test here :
don't know if he has got a good advice,
EB308 : whether he has been accepted.
EB309 : How has it gone off?
E8310 : I would ask firstly - {immediate approach}
how does he feel today.
E8311 : M. and R. have interviewed him the last time.
EB312 : My cases (work samples) are now
very limited. Terrible! Helpless!
E8313 : The rest of the cases which he has
not done is not that many.
EB314 : J. case :
relevant to use it, meaningful too,
but I don't like to give him things which
I don't know very well.
EB315 : H. problem : figures and little facts
to reason, see how the numbers are put together;
quick approach, see the problem immediately
and give a quick solution.
EB316 : R. problem : last problem -
have to look at :
-ability to empathize (inlevingsvermogen)
-reasoning (strategy) to find solution.
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PROTOCOL PROTOCOL CONTENT OPERATO OBJECT
NUMBER                     R
AB301 How did he land here? Question State of affairs
AB302 my idea-he wants to go back Interpret State of affairs
to his old job.
AB303 Qua experience, he seems to Infer Statement
be suitable conclusion
AB304 although I don't know yet State Fact
what sort of company he has
worked for.
AB305 Married - won't ask too many Intend Course of
questions on that. action
AB306 1988 - he was here for an State Fact
extensive (selection) test.
AB307 His earlier test here: don't Comment Events
know if he has got good
advice (recommendation)...
AB308 whether he has been accepted. Comment Events
AB309 How has it gone off? Question Details of
action
AB310 I would ask firstly - how does Formulate Action
he feel today.
AB311 M. and R. have interviewed State Fact
him the last time.
AB312 My cases (work samples) are Comment State of affairs
now very limited. Terrible!
Helpless!
AB313 The rest of the cases which he State Fact
has not done is not that many.
AB314 Juridicial case: relevant to use Explain Actions
it, meaningful too, but I don't
want to give him things which
I don't know very well.
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AB315 Hoogoven problem: figures Explain Action
and little facts to reason, see
how the numbers are put
together; quick approach, see
the problem immediately and
give a quick solution.
AB316 Refrigerator problem: last Explain Action
problem - have to look at:
ability to empathize
(inlevingsvermogen);
reasoning (strategy) to find
solution.
D. OBSERVATION NOTES AS OBSERVER DURING SELECTION IN-
TERVIEW AND
ABSTRACTS OF PROTOCOLS OF CONVERSATIONS BETWEEN EB
AND W.
E.B.'s Interview with candidate (W., 8.1.51) for job : schaderegelaar
21.2.89 : 11.50 a.m.
The  terms  in  { }   are  my own observations, explanations/clarifications. Those
in 0 identify the analysis group category: Notes or Dialogue protocols. Those
in 0 are original words or clarifications on the translation.
Last  Researchtest (in Psychotechniek):  Came  in  1988.
Education : Broad technical education.
Involving calculation.
Abstraction is not included.
[NOTES]
EB401: Why did you choose HTS, WTB?
W401: So that I can work with apparatus.
I have studied one year in Enschede
Technical University. Did not finish it.
Went  to HTS {Higher technical college}.
Went for placement as a technical
constructor in a small steel processing
factory to get work experience.
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Have a lot of interest for international company.
I was in Asia and Africa.
EB402: What are your tasks? {during your placement}
W402: Work with cars, repair with tools.
After that, one year as draughtsman {  }
in the same company. I like to do everything.
{get as much experience as possible so,
I want to try a hand at every department there}
EB403: Your foreign country period?  What are your tasks?
W403 : I worked as a consultant in Bangladesh and
Mozambique. Individual type of job, not in team work.
Independent. Much improvisation, involves many tasks. In
Bangladesh as consultant was seconded to a state company.
EB404: How do you find your job?
W404: Reasonable. I have to study Portugese
within two weeks and after that was sent to Mozambique to neg-
otiate for a contract.
EB405: Why do you come back?
W405 : I have problems with my family.
For the short-term there is no housing for my family and no
school for my children.
I have to choose between my family, future of my children and
my job.
EB406: Other jobs?
W406 : Worked in a shipyard company as manager -
one of the six managers there.  It's an administrative job.
EB407: Why resign from your present job?
W407 : Company has to diminish workforce.
Overcapacity problem-it's a bit big.
The mother company has gone bankrupt.
Through advisers' recommendation, reorganization is needed.
People have to go. The first reorganization I can still stay.
Second organization is more terrible. Many have gone away. I
have to go too.
EB408: Your tasks there?
W408 : This job, I have to work in team, used to work independently. I
have to lead others. Have problems with my subordinates. Since
August '88, I am looking for a new job.
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EB409: Why apply for this job in N.N.?
W409: I saw it in the advertisement.
It's an ambulant job. independent work.
[DIALOGUE]
EB made a conclusion here: [NOTES]
EB410: You prefer to get results yourself than through other people?
W410: Not really. Prefer to do something direct. It's another way of
leading people.
E8411: What factors are important for you? {for your work}
W411 : Contact with clients. Ambulant work. Combination of technical
work and administrative work.
EB412: What is your plan for your career?
W412 : Firstly, to lay the foundation. Hence, I worked firstly in the
industry.
[DIALOGUE]
Since August '88, W is jobless and enjoys unemployment benefits.
{Hij zit in de WW}
[NOTES]
EB413: What did you do? {during your unemployment period}
W413 : Odd jobs. Rather busy. Reflecting. {on my past, etc.
inventariseren}




PROTOCOL PROTOCOL CONTENT OPERATO OBJECT
NUMBER                     R
AB401 Why did you choose HTS, Question Reason of state
WTB? of affairs
AB402 What are your tasks? {during Question Details of
your placement} event
AB403 Your foreign country period - Question Details of
What are your tasks? event
AB404 How do you find your job? Question Personal
opinion
AB405 Why do you come back? Question Cause of
action
AB406 Other jobs? Question Following
event
AB407 Why resign from your present Question Reasons of
job? event
AB408 Your tasks there? Question Details of
event
AB409 Why apply for this job in Question Cause of event
N.N.?
AB410 You prefer to get results Question inference,
yourself than through other classification
people?
AB411 What factors are important to Question Reasons of
you? {for your work} events?
AB412 What is your plan for your Question Following
career? events
AB413 What did you do? {during Question State of affairs
your unemployment period}
AB414 Are there any questions that Question procedures
you think I have forgotten to
askyou?
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E.            AFTER THE SELECTION INTERVIEW, BEFORE GEITING RESULTS
OF TEST
EB is asked to think aloud while she sorts out her impression of the candidate
and her assessment of him for the job.
PROTOCOL PROTOCOL CONTENT OPERATO OBJECT
NUMBER                      R
AB501 From his work experience, his Infer Statement
improvisation is good. conclusion
AB502 Learned Portugese within 2 Restate Fact
weeks!
AB503 Has to learn Portuguese within Restate Fact
2 weeks and after that has to
begin in Mozambique, to nego-
tiate.
AB504 Works independently : Infer Statement
conclusion
AB505 From his experience in the Explain Inference
foreign countries many things
he has to arrange himself.
AB506 That he can work indepen- Restate Assertion
dently conclusion
AB507 does not work in a team. Define Assertion
conclusion
AB508 He finds his job reasonable. Restate Candidate's
assertion
AB509 Insurance : tasks- drawing up State Fact
contract.
AB510 He does not have experience Infer Statement
for that. conclusion
AB511 That is why I give him the Explain -  Course of
refrigerator case. action
AB512 He has done it well. Comment - Event
judge
AB513 He stays near to what he sees, Infer Assertion
conclusion
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AB514 does not speak in the air. Infer Assertion
conclusion
AB515 I find this good. Comment - Event
Judge
AB516 Can look beyond the facts Infer Assertion
presented. conclusion
AB517 (Hoogoven case): tackles the Describe Event
problem using his practical
experience.
PROTOC PROTOCOL CONTENT OPERATO OBJECT
OL                            R
NUMBER
AB518 His attitude -conscious, tense, a Assert Implicit
bit negative. inference
AB519 He sees psychological tests as Assert Implicit
exposing himself. inference
AB520 he is vulnerable Assert or
Infer???
AB521 but is not negative towards me.
AB522 business-like,
AB523 does not defined himself.
AB524 Not-verbal - conscious, keep an
eye open, cautious (in de gaten
houden, kijken)
AB525 if possible say something
direcly, if not, will wait.
AB526 important ; within 15 minutes,
he has finished three problem
cases;
AB527 does it clearly and tell it
clearly, does it fast
AB528 business-like,
AB529 say what is important.
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{at this point EB read out her own notes on the candidate written during her
interview with him}
PROTOCOL PROTOCOL CONTENT OPERATO OBJECT
NUMBER                      R
AB530 Summary here: (with reference
to the characteristics named
before the selection interview)
AB531 works in a relaxed manner
AB532 (is) independent (in carrying
out work)
AB533 (is) business-like, sober (to the
point)
AB534 (has) common sense;
AB535 (is) practical
PROTOCOL PROTOCOL CONTENT OPERATO OBJECT
NUMBER                      R
AB536 considers other things,
AB537 does things directly,
AB538 (Has) quick ideas about things;
can react fast and direct to si-
tuations.
AB539 (is) calm,
AB540 (is) in the way of presenting
good arguments.
AB541 Attitude and physical app-
earance - (is) compact
AB542 (is) vigilant (watchful), con-
scious (self-conscious)
AB543 (is) independent
AB544 (is) not a pig-headed person.
(or opinionated, thinks he
knows better)
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Question: How do you make all these conclusions?
PROTOCOL PROTOCOL CONTENT OPERATO OBJECT
NUMBER                      R
AB545 Derived from the interview and
cases.
Question: Why do you think he is independent?
PROTOCOL PROTOCOL CONTENT OPERATO OBJECT
NUMBER                                                             R
AB546 Combination of his work
experience and what he in fact
is seeking (mentality); not from
one or two moments.
AB547 Can work independently -
AB548 things which he easily have an
overview and able to arrange
(regelen){ or manipulate}
things.
AB549 He is alone responsible for
making decisions.
AB550 Always goes for this. (he alone
is responsible for..)
AB551 Social aspect of leading others
- does not like this.
AB552 Evidence from the cases? They
give support to:
AB553 Does not stand by with facts.
(Don't just look at facts alone?)
[blijf niet aan gegevens]
AB554 Makes his own approach. (zelf
aanpak maken)
AB555 (Has) Common sense -
AB556 Within 2 weeks an expert in
Portuguese;
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AB557 He just goes along, learning
negotiating
AB558 shows independence too.
AB559 Can handle different situations,
does not remain stiff - flexible.
AB560 He reacts calmly to situation.
AB561 (schaderegelaar) is a lonely
job.
PROTOCOL PROTOCOL CONTENT OPERATO OBJECTNUMmER                      R
AB562 Look at what he has done.
(point to case with material in
figures). See how he picked up
information.
AB563 If he does not understand - he
asks,
AB564 searches for certainty till he
has got it correctly.
AB565 His reaction to cases - look at
them calmly.
AB566 (Has) conitiion sense - see how
he plays with the facts.
AB567 Other factors (characteristics)
AB568 (Has) analytical capacity
(which can be) derived from
the facts (explicitly):
AB569 Also from cases such as Hoo-
goven, Lid,naatschp, Propec-
tive (work samples).
AB570 the essential facts he has very




AB573 E.g. when he shows his com-
mon sense
AB574 and that means that he is also
good in analysis.
(Referring  to  the job analysis  form  and  list of characteristics...)
PROTOCOL PROTOCOL CONTENT OPERATO OBJECT
NUMBER                      R
AB575 Is he creative?
AB576 If the information he gives is
reliable,
AB577 then he is e.g. case
lidmaatschap.
AB578 Judgment figure: 6 -
satisfactory (voldoende)
(Question : why not a 7?)
PROTOCOL PROTOCOL CONTENT OPERATO OBJECT
NUMBER                                                      R
AB579 6 is satisfactory (voldoende).
AB580 8 is excellent, very enthusiastic.
AB581 4 means risky case. 0 is
uncertain, more for younger
people, don't really know
exactly.
AB582 I give a 6 or 8, never a 7.
AB583 An 8 is given when I feel that he
is excellent.
AB584 The job in N.N. requires a man
who  does  not  get  an  8.
AB585 To get an 8, one has to be
special, an exception.
AB586 7 does not arise in this sort of
selection test.
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AB587 I don't see that he lacks
anything,
AB588 have to look at the results of the
tests.
AB589 I think, at this moment, that he
has good technical knowledge;
AB590 speaks like a professional:
AB591 verbal and written skills - he is
clear and tidy (?)
AB592 contact-wise: business-like
AB593 organization - can improvise and
has common sense.
AB594 He comes to the point, dares to
do new things;
PROTOCOL PROTOCOL CONTENT OPERATO OBJECT
NUMBER                                                               R
AB595 can improvise
AB596 and is flexible.
(Question : Why? How? )
PROTOCOL PROTOCOL CONTENT OPERATO OBJECT
NUMBER                                                               R
AB597 improvise - (from) Portuguese,
Bangladesh story,
AB598 taking care of other things.
AB599 Inventive - from the Hoogoven
case,
AB601 common sense (derived) from
here too.
AB602 attract me (mij aantrekken?)
AB603 sees me as a person,
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.
AB604 (it is) clear that he dares to go
along with the changes.
AB605 Flexibility -
AB606 from his work experience.
AB607 Later, this can be seen in the
results of his tests.
Appendix 2
Interview Notes: N. C. from Psychotechniek, B.V.; 27.8.89
Psychologist had worked for more than 30 years as selection psychologist.
Candidate is middle-aged (of Indonesian origin) man from Holland
International (HINT) applying for internal job of Assistent account manager.
Before the Interview
According to the job analysis form and the psychologist's experience on the
job function (yesterday he had another candidate for the same job), the
following person characteristics needed for the job (as named by Caro) are asfollows:
1. Good contactual capacity (Goede contactuele vermogen)
2. Adaptable (aanpassingsvermogen).
3. Helpful, social and service-oriented towards clients and colleagues
(behulpzaam, sociaal, dienstvaardig t.g.0. klienten en andere
medewerkers).
The psychologist wanted to ask questions about the:
1.        job (is it to be a job where Holland International, HINT will second the
employee to V & D, a departmental store?)
2. candidate (wants to examine his person characteristics and his
behavioral patterns).
He looked at the candidate's forin (C.V.), examined his education
background, and found that he had a HAVO (higher degree). He also looked
at the number of years of the education he had enjoyed and wanted to see if he
had stayed over (longer than the usual period) for any part of his education.
He observed that maybe during the interview he would think of more jobdemands (person characteristics) which he had not thought of at this moment.
During the Interview
Candidate was asked about his family background, his parents, his brother andsister and his wife and their professions.
The candidate came from Indonesia in 1956 and his father worked as a privatetechnical designer. His brother was in the civil service and his sister wasmarried in Bangkok. He had taken longer to complete his basic education
(equivalent of primary education). He had failed one year. When asked why,
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the candidate said that he had many friends, it was nice playing with them and
hence he did not spend much time on his study. When he was in secondary
school doing his HAVO, it went rather well, he did not have much problems.
Candidate was then asked about his present hob, the various tasks he had to
perform in HINT and later in BTC, the Business Travel Centrum of Holland
International. Following, the candidate was asked why he wanted to apply for
the present job (a promotion from his present one), why did he want to be an
assistent account manager. The candidate could answer the question
satisfactorily. He was then asked about the job as assistent account manager
and what are his expected future tasks if he was accepted. He was also asked
about travelling for his work and the tasks involved in such travels. Next, the
candidate was asked what he would do if there was a boom alarm in his
workplace. He could answered this satisfactorily. Lastly, he was asked about
his hobby and sport.
At the end of the interview, the candidate was asked to do four work sample
exercises. The psychologist explained to him each of the exercises and the
candidate had to carry them out accordingly. The psychologist looked at his
approach and how he explained his solutions to the problems presented.
The interview ended about an hour later.
Appendix 3
Programma van Eisen - (Set of Requirements)
(Completed in February 1991 IK/RR)
Weegschaai  :  E=Essentieel; W =Wenselijk;  N =Niet nodig
Advies Bureaus: - Berenschot  I R&S I., Psychotechniek B.V.., RPD Advies.
Algemene punten
E 1. De functies van het systeem moeten zijn:
a.   geven van advies aan de psycholoog ten aanzien
van de te volgen procedure
b.   ondersteunen van het proces van verwerking van
gegevens, rapportage, toelichting, e.d.
E 2. De structuur van het systeem moet duidelijk zijn bijv. het
onderdeel functiebeschrijving moet gescheiden zijn van de
onderdelen voorspellen en beslissen/adviseren. Ook qua
lay-out moet er een duidelijk onderscheid zijn.
E 3. Aan het begin moet een goede uitleg worden gegeven over
voorspellen op basis van eigenschappen enz. Het DSS
dient adviesmomenten te bevatten, o.a. bij de overgang
van:
-       functie, resp. rapportage punten naar criteria
-       criteria naar eigenschappen
-      eigenschappen naar instrumenten (testkeuze)
-       bevindingen naar prognose
-     enz.
W 4. Het advies dient niet dwingend te zijn. Een mogelijkheid
is de gebruiker zijn gang te laten gaan, maar op kritieke
punten de vraag voor te leggen, of hij/zij advies wil. Ook
is denkbaar dat de gebruiker zelf vragen kan stellen. (Op
die manier kan het DSS een belangrijke functie krijgen in
het opleiden van nieuwe medewerkers.).
W 5. Een bijzonder adviespunt moet zijn: uitbreiding of
verandering van de procedure, nadat reeds een keuze is
gemaakt en de gebruiker al op weg is.
W 6. Het DSS moet 'gecustomiseerd' kunnen worden, d.w.z.
afgestemd worden op het instrumentarium en op kennis
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van het bureau in kwestie. Per gebruiker zou voorts
aanvulling of modificatie mogelijk moeten zijn.
W 7. Er moet een -snelweg' door het DSS zijn, waarbij men
snel tot resultaten komt. Een ingebouwde signaalfunctie
moet waarschuwen in gevallen waarin een meer
ingewikkelde, 'B-weg' gevolgd zou moeten worden. Het
moet mogelijk zijn te starten vanuit een standaard
functiebeschrijving en standaardbatterij. Het werken met
modules impliceert al een snelweg.
E 8. In het DSS, moet de mogelijkheid van herhaling van
stappen zijn voor het geval van meerdere kandidaten voor
dezelfde functie.
W 9. Het moet mogelijk zijn de gegevens (bevindingen,
voorspellingen, utiliteiten) van meerdere kandidaten
vergelijkend te presenteren.
E 10. Wanneer sprake is van standaardbatterijen dient het
mogelijk te zijn de gegevens direct in te vullen vanuit de
score-matrix. In dat geval moet alleen bij uitzonderingen,
opmerkelijkheden e.d. de aandacht van de gebruiker voor
specifieke gegevens worden gevraagd.
Functie-analyse en criteria
W           11.        Wenselijk     is     dat     het     DSS een onderdeel functie-
beschrijvingen bevat. De mogelijkheid moet bestaan per
bureau eigen functiebeschrijvingen op te slaan en te
raadplegen.
E 12. Het moet mogelijk zijn per opdrachtgever vaste
criteria te definieren. Verder dienen gebruikers zelf
criteria te kunnen toevoegen.
E 13. Max. 5 criteria en max. 4 eigenschappen per
criterium is de gekozen optie.
E 14. Wanneer criteria worden toegevoegd (=veranderd) moet
de gebruiker weten dat het max. aantal van 5 mag niet
worden overschreden.
E 15. Organisatiekenmerken moeten op criteria sluiten.
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E     16.    Het is gewenst de contacten met de opdrachtgever ook te
ondersteunen, zowel aan het begin (formulering van
punten waarover gerapporteerd moet wor(len), als aan het
eind (formulering van punten die gerapporteerd moeten
worden, resp. kunnen dienen voor nadere motivering).
E     17.   Toekennen van gewichten van criteria is belangrijk en de
gewichten moeten op relevante momenten te zien zijn.
W 18. De criteria dienen ten opzichte van elkaar te worden
gewogen.
E 19. De gebruiker moet de mogelijkheid hebben een functie
zelf te beschrijven (m.b.v. een formulier).
E 20. Indien de gebruiker een functie wilt wijzigen, ontstaat een
nieuwe functie die apart bewaard wordt (onder eigen
naam).
W 21. Evt. zouden naast functieinformatie ook organisa-
tiekenmerken (bijv. cultuurkenmerken) meegenomen
moeten kunnen worden.
E 22. Toevoegen bij Functie Analyse blok met typeringen over
het bedrijf (organisatie kenmerken) en een blok met
verwachte veranderingen in de functie. Dit voorafgaand
aan de presentatie van criteria.
Eigenschappen en Instrumenten
E 23. Lay-out: voor het kiezen van criteria en eigenschappen en
voor het aangeven van bevindingen zal een matrix vorm
worden gebruikt.
?       N      24.    Eventueel moet een onderscheid worden gemaakt
tussen eigenschappen die geschiktheid bepalen en
eigenschappen die ongeschiktheid bepalen (indicaties en
contra-indicaties). Zij zouden dan aan het begin
gescheiden moeten worden.
W/N 25. De koppeling van criteria en eigenschappen moet per
bureau vastgelegd kunnen worden (snelweg).
W   26. Een lijst met definities van eigenschappen moet als optie
aangeboden worden.
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E 27. Bij het kiezen van eigenschappen dient steeds een vaste
lijst gebruikt te worden. Op alle eigenschappen dient een
toelichting gegeven te kunnen worden. De matrix wordt
gepresenteerd nadat keuzen zijn gemaakt. De volgorde van
eigenschappen zou gebaseerd moeten zijn op de
predictieve waarde. Functies zouden moeten worden
opgeslagen per opdrachtgever.
E 28. Het zou wenselijk zijn te adviseren over de keuze van het
instrument (bv een instrumentenlijst).
E 29. Per eigenschap kan 1 instrument worden genoemd, bijv.
een test, schaal of interview-beoordeling.
E 30. Er moet onderscheid gemaakt worden tussen diverse
typen instrumenten/predictoren.
E 31. Door bij de functie-analyse een functiegroep aan te geven,
een keuze uit de lijst van instrumenten gemaakt kunnen
worden.
W 32. Instrumenten moeten per kandidaat gewijzigd kunnen
worden.
Bevindingen en Prognose
E 33. Gegevens dienen te worden genoteerd i.t.v. hoog,
tamelijk hoog, gemiddeld, tamelijk laag, laag.
E 34. Het moet mogelijk zijn de scoren van kandidaten te
noteren (in genormeerde vorm).
E 35. Het moet mogelijk zijn te werken met incomplete
informatie (bevindingen?) per kandidaat.
W 36. Eventueel moet de mogelijkheid worden geboden de
beperkte zekerheid van de bevindingen (a.g.v.
beperkte betrouwbaarheid) aan te geven. (Dus niet
alleen in de predictie) Liever een genommerde
schaal te hebben.
W     37.    Voor de presentatie van bevindingen moet een vaste schaal
(bijv. met woorden of grafisch) worden gebruikt. Deze
moet genormeerd zijn. Het is wenselijk het type schaal en
de ankers per bureau te laten bepalen.
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E 38. Er moet de mogelijkheid zijn te kiezen voor gebruik van
een (gespecificeerd) predictiemodel.
E 39. Het dient mogelijk te zijn, te werken met een
formeel model voor predictie.
E   40. Het module voorspellen dient duidelijk aangekondigd te
worden.
W 41. Het principe van het voorspellen moet goed uitgelegd
worden. Te gebruiken termen: goede prestatie, zwakke
prestatie, enz.
E 42. De termen voor de (voorspellen) prognose-catego-
rieen worden: Veel succes, middelmatig succes en
weinig succes. Zij worden als volgt gedefinieerd:
Veel succes zeer goede prestatie.
Middelmatig succes = redelijk tot goede prestatie.
Weinig succes = zwakte tot matige prestatie.
W 43. Eventueel zou het mogelijk moeten zijn voor een functie
verschillende predictiemodellen te hanteren, dit i.v.m.
verschillen in stijlen. (voorbeeld: power en speed).
Wellicht kan dit d.m.v. expert-regels achteraf.
E   44.  Regels voor opstellen van totaal-beoordeling opnemen.
Daarbij moeten on/zekerheid ingevoerd kunnen worden
voor predictie/eigenschappen combinatie. Het moet ook
mogelijk zijn een onderdeel te schrappen.
Utiliteitsbepaling en Beslissen
W 45. De utiliteitsbepaling moet uitgelegd worden. Het moet ook
duidelijk gemaakt worden dat de utiliteitstoekenning van
de opdrachtgever afhankelijk is.
W 46. De gebruiker moet bij voorkeur de mogelijkheid
hebben interactief met utiliteiten te 'spelen',    d  .  w  .  z  .
waarden (of functies) te veranderen, om het effect daarvan
te zien, resp. de robuustheid van beslissingen te toetsen.
W   47. Ook moel. ten behoeve van leereffecten. de mogelijkheid
bestaan om verschillende predictie- en beslissingsmodellenuit te proberen en te vergelijken.
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N 48. Er behoeft geen algemene grenswaarde voor de utiliteit te
zijn; wel kan een heuristische grensregel wenselijk zijn.
Conclusie en Advies
E 49. De conclusies moeten verantwoord moeten kunnen
worden door weer te geven op welke redeneringen zij
gebaseerd zijn. Eventueel kunnen op bepaalde punten
I checks worden ingebouwd, om ontoelaatbare of riskante
redeneringen te signaleren.
W 50. De conclusie kan gegeven worden in relatieve termen,
bijv. m.b.v. maximum en minimum-waarden voor de
verwachte utiliteit.
Uitwerkingspunten
W 51. De gebruiker moet zelf functie en eigenschappen kunnen
kiezen.
W 52. Er zou sprake moeten zijn van een controle op de
onafhankelijkheid van genoemde criteria, om onnodige
complexiteit van het proces te vermijden.
N 53. Voor het beschrijven van eigenschappen moeten meer dan
dde niveau-categorieBn mogelijk moeten zijn.
E 54. Er dienen overzichten gegeven te worden van eigen-
schappen en profiel van de kandidaten.
E 55. Er dient een profiel van de kandidaat te kunnen opmaken
in het systeem.
E 56. Er dient een onderdeel binnen het systeem te zijn voor het
opnemen van gegevens over kandidaten.
W 57. Voor elke kandidaat zou binnen het systeem een record
gereserveerd moeten worden, om alle op hem/haar
betrekking hebben de gegevens  te  op te slaan.
W   58. De gebruiker moet de mogelijkheid hebben op elk wit-
lekeurig moment gegevens toe te voegen / te corrigeren,
of de procedure te wijzigen.
W 59. Het DSS zou een aantal interne controle-momenten moeten
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hebben. De controle op invoer (inpuO is belangrijk voor
alle   stappen.
W   60.  Belangrijk is de lay-out; er moet veel met overzichten
gewerkt worden.
E 61. Layout: voor het kiezen van criteria en eigenschappen en
voor het aangeven van bevindingen zal een matrix vorm
worden gebruikt.
E 62. Er moet gebruikgemaakt worden van een vaste
(wetenschappelijke) terminologie. Vb. Taken - Criteria -
Predictoren.
E 63. Het tiioet mogelijk zijn tenig te bladeren.
E      64. Er dient voor elke variabele een default-waarde te zijn.
E 65. Het systeem moet gebruiksvriendelijk zijn voor verschil-
lende groepen gebruikers (met uiteenlopende ervaring).
Appendix 4
Enquete formulier om een beoordeling schaal te construeren.
In het dagelijks leven gebruikt men nogal eens bepaalde woorden om een
beordeling aan te geven. Terwijl daarnaast ook vaak cijfers gegeven worden,
met name rapport cijfers, cijfers voor tentamens, etc.
Om nu een inschatting te kunnen maken hoe de woorden zich verhouden tot
een cijferschaal is deze vragenlijst opgesteld. In de onderstaande tabel wordt u
verzocht aan te geven welke cijferwaardering naar uw idee past bij het woord
in de eerste kolom. Bovenaan staan twee voorbeelden die aangeven how u de
tabel kunt invullen.



















Evaluation form for case-study test
Al.  Begrijpt u de verschillende modules/submodules en hun volgorde van
het systeem? Zijn zij duidelijk?
1
1
0                 5                 10
Niet begrijpelijk Heel
Begrijpelijk
0                 5                 10
Niet duidelijk Heel Duidelijk
A2. Resultaat
1.       Wat is de kwaliteit van het advies?
<1 1  1
-5           0                         5                         10
Niet goed Redelijk Goed
2.      Ondersteunt het advies uw eigen conclusie?  j/n?
Antwoord : j/n?        . Mate van ondersteuning?
1
1                                                                1
0                5                10
3.      Opmerking, e.d. over het advies/resultaat van het systeem:




Bl.    Heeft het systeem ondersteuning voor uw werk gegeven?
11
0                 5                 10
Geen ondersteuning Veel ondersteuning
Voor de taakuitvoering:
In hoeverre helpt het systeem  bij:
1.     Structureren van functie informatie:
1 1                                                                             1
0                 5                  10
2.      Samenstellen van functie informatie:
1 1                                                                1
0                 5                 10
3.         Verkrijgen van een beeld van de kandidaat :
(i). Eigenschappen 1------1------1
0        10
(ii).   Van het latere functioneren
0        10
(iii).     Beoordeling van geschiktheid         1 ------ 1 ------ 1
0         10
(iv).   Opstellen van conclusie 1------1------1
0        10
(v).    Overdragen van advies 1------1------1
0        10
(vi).     Voeren van nagesprek 1-----1-----1
0        10
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(vii).    Bijhouden van documentatie            1 ----1           1
0                10
4.      Mist u bepaalde vormen van ondersteuning?
Antwoord : j/n?
Als ja : wat zijn zij?
B2. BEDIENING
ASPECTEN DUIDELIJKHEID WAARDERING
1. Waarvoor                  ;                               1               I
2.Wat je ermee kunt             1                           1                       I                        I
3.Hoe te gebruiken           1                  1               1                1
4.Hoe het werkt
a. Modules   1            j
b.   Invoeren van
!---          1
data




d. Functietoets 1----  - ----- -               1
e.    Fouten of             1                1              1               1correcties
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C. Leereffect
1.        Heeft het systeem uw werkwijze verbeterd?
Antwoord: j/n?
2.      Heeft u iets uit het systeem geleerd?
Antwoord: j/n?
Als ja, geef dan een korte bescrhijving : (waarom?)
. . . . . .
3.         Geeft het systeem een toegevoegde waarde aan uw werk?
Antwoord: j/n?
D. Beperkingen
Wilt u hieronder de beperkingen, bepaalde zaken die u mist, de obstakels,










Evaluation of SOS-2 by users according to the SOR
10.11.92; Scale: +0-
Numerical scale: + = 10; 0 = 0; - = -10
E = Essential; W = Wenselijk; N = Neutrale
SOR RPD Berens. PT-1 PT-2 Scores Numedcd
Scores
Ela    +   -      0   0   0     0
E l b+      0           0       +       +/0       20
E t c        +      +          +      +      ++       40
E 2             +         +              0          +         +            30
E 3            +        0             0         0         0            10
W 4            0          +              -          +         0/+          10
W S          0        -             -         -         -            -30
W 6           +        0             0         +         +           20
W 7   -   0    0   +  0    0
E 8            -         -              ?         +        0            -10
W 9           0         -              ?         -          -             -20
E 1 0        ?       -           ?       -       -         -20
W l l        +      +          +      +      ++       40
E 1 2        ?       -           ?       -       -         -20
E 13                +             +                   +            +             + +             40
E 1 4               +           +                  +           +            + +            40
E 1 5        ?       -           -       -       --         -30
E 1 6        -       -                  -       --        -40
E 17                +             +                   0              +             + +             30
W 1 8        +      0          +      0       +        20
E 19                +            0                    +            +             + +             30
191
E 2 0            +         +              +         ?          +            30
W 2 1          ?          +             ?         0         +/0         10
E 2 2        ?                   ?       ?       0         -10
E 23 -40
N 24                                               -                       -40
W/N 25                                            -                       -40
W 2 6                     0             ?         -                       -20
E 27                                     -         -                       -40




E 3 0           ?         0              -                    -             -20
E 3 1           +        7             -         -         -            -10
W 3 2               +             +                   0              +             + +             30
E 3 3                 +             +                   +            +             + +             40
E 34           +                                                           -20
E 3 5          -         +            ?         +        +/0        10
W 3 6         -                      -        -         --          -40
W 3 7         0        0            ?        +       0           10
E 38                                     -                    --            -40
E 39                                     -         ?                       -30
E 4 0               +            +                  +           +            + +            40
W 4 1 0         0              -         -                       -20
E 4 2               +            +                  +           +            + +            40
W 43           -                                                 --            -40
E 44                                       -          0                         -30
W 4 5          +        0             0         0         0            10
W 4 6                     +             -         0         0/-          -10
W 47                                                             -            -40
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N 4 8          ?         +             ?         0         0/+         10
E 4 9           -          -               -          -          --             -40
W 5 0?              0         +        0            0
W 5 1              +           +                  +           +           ++40
W 5 2          ?         -              -         -         -            -30
N 5 3           +        -              ?                    -             -10
E 5 4           -          -               ?          0          -              -20
E 5 5           -                           ?          0          -             -20
E 5 6           ?         -              0         +        0            0
W 5 7         ?         ?             0        0        0           0
W 5 8                     -              0         +        -/0          -10
W 5 9         -         +            0        0        0           0
W 6 0         -         0             0        0        -            -10
E 6 1           -                         -         -          --            -40
E 6 2                +            0                    +            +             + +             30
E 6 3        0       -           0       0       0         -10
E 6 4           -          -               ?          +         -              -10
E 6 5            +         -               -          0          -              -10
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